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PREFACE 

These  tables  of  the  coefficients  in  the  development  of  the  disturbing  function  have  been  so 
constructed  that  for  the  great  majority  of  problems  which  demand  the  calculation  of  general 
planetary  perturbations,  the  values  of  the  coefficients  may  be  extracted  by  interpolation  with 
first  differences  only.  To  achieve  this  within  a  reasonable  compass,  it  was  necessary  to 
separate  those  factors  of  the  coefficients  which  vary  rapidly  with  the  argument  from  those 
which  vary  slowly :  the  former  are  simple  functions  of  the  argument  easily  computed  while  the 
latter  portions  are  tabulated.  Since  the  product  of  four  factors  will,  in  general,  be  needed  for 
the  calculation  of  any  term  in  the  disturbing  function  or  disturbing  forces,  it  was  advisable 
to  tabulate  the  logarithms  rather  than  the  natural  values. 

While  the  tables  are  available  for  any  mode  of  development  of  the  planetary  theory,  the 
calculations  of  the  disturbing  forces  can  best  be  reduced  to  routine  computation  by  the 
methods  of  harmonic  analysis.  To  facilitate  the  work  of  carrying  it  out,  schedules  for 
the  analysis  are  shown  in  detail  with  examples.  Additional  tables  to  aid  in  the  calculation  of 
the  special  values  of  the  functions  are  also  given. 

The  work  of  calculation  has  been  divided  as  follows:  The  senior  author  supplied  the 
formulae  and  methods,  calculated  Tables  V  to  X  and  gave  some  slight  assistance  in  differ- 
encing Tables  I  to  IV.  The  junior  author  performed  the  laborious  part  of  the  work  which 
consisted  of  the  calculation  of  Tables  I  to  IV  from  the  original  formulae  at  intervals  of  -i  for 
the  argument  p.   He  also  applied  tests  to  most  of  the  Tables  V  to  X. 

For  the  interpolation  to  tenths  we  are  indebted  to  the  Statistical  Bureau  of  Columbia 
University,  New  York  City,  which  undertook  to  carry  the  calculations  through  by  means  of 
the  Hollerith  computing  machines  in  its  laboratory.  We  wish  particularly  to  express  our 
gratitude  to  an  anonymous  donor  who  supplied  the  funds  needed  for  this  part  of  the  work  at 
the  time  when  it  was  ready  and  when  considerable  delay  in  carrying  it  out  seemed  probable. 
We  are  also  indebted  to  Professor  Ben  D.  Wood,  whose  interest  and  co-operation  were  re- 
sponsible for  our  use  of  the  facilities  of  the  Bureau.  The  adaptation  of  the  machines  by  Mr 
R.  M.  Mendenhall,  whose  sad  death  occurred  in  an  accident  at  sea  when  about  one-half  of 
the  interpolations  had  been  completed,  is  described  under  the  section  "Derivation."  The 
remaining  interpolations  were  completed  by  Mr  Richard  Warren  of  the  Bureau  with  the 
assistance  of  the  junior  author.  To  each  and  all  of  these  we  tender  our  grateful  thanks  for 
their  aid. 

The  co-operation  of  the  Cambridge  University  Press  has  made  it  possible  to  publish  these 
tables  in  book  form  in  addition  to  their  appearance  as  Pt  v,  vol.  6  of  the  Transactions  of  the 
Yale  University  Observatory,  so  that  those  who  desire  to  possess  bound  copies  for  frequent 
use  can  obtain  them  through  the  regular  channels  of  publication. 


ERNEST  W.   BROWN 
DIRK  BROUWER 


May  1932 
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20  360 
20  308 

20  258 
20  208 
20  159 
20  108 
20  060 

-20  on 


TABLE   I. 


LogGj'1 
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(i+a2-2acosS)-£=(i-a2)-i(£G(,0)+  £  G^a'coszS),     p 


d_a.)     P  =  100tol-50 
;*     s  =  i,i  =  0to3 


I-OO 
I-OI 
I-02 
I -03 
1-04 

I  05 

1-06 
1-07 
1-08 
1-09 

I-IO 

I'll 

I-I2 

i-i3 
1-14 

I'i5 

1-16 

I-I7 

i-i8 
1-19 

1-20 
I '21 

1-22 
1-23 

1-24 

1-25 

1-26 

1-27 

1-28 

1-29 

1-30 

I-3I 
1-32 
i-33 
1-34 

i-35 

i-36 

i-37 
1-38 

i-39 

1-40 
1-41 

1-42 

!-43 
1-44 

i-45 
1-46 
1-47 
1-48 
1-49 

1-50 


•22252  234 
•22193  403 
■22134  831 
•22070  516 
•22018  455 

•21960  647 
•21903  088 
•21845  776 
•21788  710 
•21731  886 

•21675  304 
•21618  960 
•21562  853 
■21506  981 
•21451  341 

•21395  93 1 
•21340  750 
•21285  796 
•21231  066 
•21176559 

•21122  272 
•21068  204 
•21014354 
•20960  719 
•20907  297 

•20854  °86 
•20801  086 
•20748  294 
•20695  7°8 
•20643  327 

•20591  149 
•20539  172 
•20487  396 
•20435  817 
•20384  435 

•20333  249 
•20282  255 
•20231  454 
•20180  843 
•20130  421 

•20080  187 
•20030  139 
•19980  275 

•19930  595 
•1988 1  096 

•19831  778 
•19782  639 

•19733  677 
•19684  892 

•19636  282 
•19587  845  _ 


-58831 
58572 

58315 
58061 
57808 


57  559 
57  312 
57  066 
56824 
56582 

56  344 
56  107 

55872 
55640 
55  410 

55  181 

54  954 
54  730 

54  507 
54287 

54  068 
53850 
53635 
53  422 
53  211 

53  000 
52  792 
52586 
52381 
52178 

51977 
5i  776 
51579 
5i  382 
51  186 

50994 
50  801 

50  611 

50  422 

50234 

50  048 
49  864 
49  680 
49499 
49  3i8 

49  139 
48  962 

48785 
48  610 

48  437 
48  264 


9-95736  490 
9-95702  118 
9-95667  864 
9-95633  726 
9-95599  704 

9-95565  797 
9-95532  003 
9-95498  323 
9-95464  755 
9-95431  299 

9-95397  953 
9-95364  7*7 
9-95331  590 
9-95298  57I 
9-95265  659 

9-95232  854 
9-95200  155 
9-95167  560 

9-95J35  070 
9-95102  684 

9-95070  400 
9-95038  218 
9-95006  138 

9-94974  x58 
9-94942  278 

9-94910  497 
9-94878  814 
9-94847  230 
9-94815  742 
9-94784  35i 

9-94753  056 
9-94721  856 
9-94690  750 

9-94659  739 
9-94628  820 

9-94597  994 
9-94567  260 
9-94536  617 
9-94506  065 
9-94475  603 

9-94445  231 
9-94414  948 
9-94384  753 

9-94354  645 
9-94324  625 

9-94294  692 
9-94264  845 
9-94235  083 
9-94205  406 
9-94175814 

9-94146  303 


-34  372 
34  254 
34  130 
34  022 

33  907 

33  794 
33  680 
33  568 
33  456 
33  346 

33  236 
33  127 
33019 
32  912 
32  805 


32  699 

32595 

32490 
32386 
32  284 

32  182 

32  080 

31  980 

31  880 

31 781 

31683 

31  584 
31488 

31  39i 

31  295 

31  200 

31  106 

31  OI1 

30919 
30826 

30  734 
30643 

30552 
30462 

30372 

30283 

30  195 
30  108 

30  020 

29  933 

29847 
29  762 
29  677 

29592 

29  511 

-29  425 


-25  125 

25054 
24984 

24913 
24844 

24775 
24705 

24  638 

24569 
24502 

24435 

24  368 
24  302 

24237 
24 171 

24  106 
24  042 

23977 
23914 
23851 


9-84519  236 
9-84494  III 

9-84469  057 
9-84444  073 

9-84419  160 

9-84394316 
9-84369  541 
9-84344  836 

9-84320  198 

9-84295  629 

9-84271  127 
9-84246  692 
9-84222  324 
9-84198  022 

9-84173  785 

9-84149  614 
9-84125  508 
9-84101  466 

9-84077  489 

9-84053  575 

9-84029  724 
9-84005  936 
9-83982  211 
9-83958  548 
9-83934  946 

9-83911  406 
9-83887  927 
9-83864  509 
9-83841  150 
9-83817  852 

9-83794  613 
9-83771  433 
9-83748312 
9-83725  250 
9-83702  246 

9-83679  299 
9-83656  410 

9-83633  578 
9-83610  803 
9-83588  084 

9-83565  421 
9-83542  814 
9-83520  262 
9-83497  766 
9-83475  324 

9-83452  937 
9-83430  605 
9-83408  326 
9-83386  100 
9-83363  928 


9-83341  809  _22o66 


23  788 
23725 

23  663 
23  602 

23540 

23479 
23418 

23359 

23  298 

23  239 

23  180 

23  121 
23  062 

23  OO4 
22947 

22  889 
22  832 

22  775 
22  7X9 
22  663 

22  607 
22  552 
22  496 
22  442 
22387 

22  332 
22  279 
22  226 

22  I72 

22  119 

9-77274  129 
9-77254  118 

9-77234  J56 
9-77214242 
9-77I94  376 

9-77I74  558 
9-77I54  788 
9-77135  065 
9-77II5  388 
977095  759 

9-77076  176 
9-77056  639 

9-77037  149 
9-77017  704 
9-76998  304 

9-76978  950 
9-76959  640 

9-76940  375 
9-76921  155 
9-76901  979 

976882  846 
976863  757 
976844  711 
976825  709 
976806  749 

976787  832 
976768  958 
976750  125 

976731  335 
976712  586 

976693  879 
976675  213 
976656  589 
976638  005 
976619  462 

976600  959 
976582  497 
9-76564  074 
976545  692 
976527  349 

976509  045 
976490  781 
976472  555 
976454  368 
976436  220 

9-76418  in 
976400  039 
976382  006 
976364  010 
9-76346  052 

9-76328  132 


-20  on 
19  962 
19  914 
19866 
19  818 

19770 

19723 
19677 
19  629 
19583 

19  537 
19490 

J9  445 
19  400 

19  354 

19  310 
19  265 
19  220 
19  176 
19  133 

19  089 
19  046 
19  002 
18  960 
18  917 

18874 
18833 
18  790 
18749 
18  707 

18666 

18624 
18584 
18543 
^503 

18462 
18423 
18  382 

^343 
18  304 

18264 
18226 
18  187 
18  148 
18  109 

18  072 
18  033 
17996 
17  958 
17  920 

17883 

1-2 
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TABLE   I. 


.(0) 


LogGf 


(>) 


(i+a2-2aCOs5)-4=(i-a2)-4(^   +  S  Gj  a*cos»S),     £  =  a2-(i-a2) 


p  =  l-50  to  200 

s  =  \,  i  =  0  to  3 


i-5o 

I-52 

i-53 
i-54 

i-55 
1-56 

i-57 
1-58 

i-59 


60 
•61 
62 

•63 
•64 

■65 
•66 
•67 
•68 
•69 


1-70 
1-71 
1-72 

i-73 
1-74 

i-75 
1-76 
1-77 
1-78 
1-79 


80 
81 
82 

■83 
•84 

•85 

•86 

•87 
•88 

•89 


1-90 
1-91 
1-92 

1-93 
1-94 

1-95 
1-96 
i-97 
1-98 
1-99 

2-00 


•19587845. 
•19539  581 

•19491  488 

•19443  564 
•19395  810 

•I9348  222 
•I93OO  8oi 

•19253  545 
•19206  452 

•19159522 

•19112  753 
•19066  144 
•19019  695 

•i8973  4°3 
•18927  268 


■1888I  288 
•18835464 
•18789  792 
•18744274 
•18698  906 

•18653  689 
•18608  621 
•18563  702 
•18518  929 

•18474  3°3 

•18429  822 
•18385486 
•18341  292 
•18297  241 
•18253  331 

■18209  562 

•18165932 
•18122  440 
•18079  087 
•18035869 

•  17992  788 
•17949  841 
•17907  029 
•17864  350 
•17821  803 

•17779  387 
•17737  102 
•17694947 
•17652  920 
•17611  022 

•17569  251 
■17527  607 
•17486088 
•17444  694 
•17403424 


-48  264 
48093 
47  924 
47  754 
47  588 

47421 

47256 

47  093 
46930 

46769 

46  609 
46449 
46  292 

46  135 
45  98o 

45824 
45672 
45  5i8 
45  368 
45  217 

45  068 
44919 

44  773 
44  626 
44481 

44  336 
44  J94 
44  051 
43  9io 

43  769 

43630 
43  492 

43  353 
43218 
43081 

42  947 
42  812 

42  679 

42  547 
42  416 

42  285 

42  155 
42  027 
41  898 
41  771 

41  644 
41  5i9 
41  394 
41  270 
41  146 


9-94146  305  _ 
9-94116880  g425 

9-94087538  2y2iQ 

29 179 
29  096 


9-94058  278 
9-94029  099 


■17362  278  _4I024 


9-94000  003 

9-9397°  986 
9-93942  051 
9-93913  195 
9-93884  418 

9-93855  720 
9-93827  100 
9-93798  559 

9-9377°  °94 
9-93741  707 

9-937J3  396 
9-93685  161 
9-93657  002 
9-93628  917 
9-93600  908 

9-93572  972 
9-93545  I1G 
9-935*7  322 
9-93489  606 
9-93461  963 

9-93434  392 
9-93406  892 

9-93379  464 
9-93352  106 
9-93324819 

9-93297  602 
9-93270  454 

9-93243  376 
9-93216367 
9-93189425 

9-93162  552 

9-93*35  747 
9-93109  009 
9-93082  337 
9-93°55  733 

9-93029  194 
9-93002  721 
9-92976314 
9-92949971 
9-92923  694 

9-92897  480 
9-92871  331 
9-92845  245 
9-92819  223 
9-92793  264 

9-92767  367' 


29  017 
28935 
28856 

28777 
28698 

28  620 
28541 
28465 

28387 
28  311 

28235 
28  159 
28085 
28  009 
27936 

27  862 
27788 
27  716 
27643 
27  571 

27  500 
27  428 
27  358 
27  287 
27  217 

27  148 
27  078 
27  009 
26  942 
26873 

26  805 
26  738 
26  672 
26  604 
26539 

26473 
26  407 

26343 
26  277 
26  214 

26  149 
26  086 
26  022 
25  959 
25897 

-25  834 


9-83341  809  _ 
9-833J9  743 
9-83297  729 
9-83275  767 
9-83253  857 

9-83231  998 
9-83210  191 
9-83188435 
9-83166  730 
9-83145075 

9-83123  470 
9-83101  915 
9-83080  411 
9-83058  955 
9-83037  549 

9-83016  191 
9-82994  882 
9-82973  622 
9-82952  409 
9-82931  244 

9-82910  127 
9-82889  057 
9-82868  034 
9-82847  057 
9-82826  128 

9-82805  244 
9-82784  407 
9-82763615 
9-82742  870 
9-82722  169 

9-82701  514 
9-82680  904 
9-82660  339 
9-82639  818 
9-82619341 

9-82598  909 
9-82578  521 
9-82558  176 
9-82537  874 
9-82517  616 

9-82497  401 
9-82477  229 
9-82457  099 
9-82437  on 
9-82416  966 

9-82396  963 
9-82377  001 
9-82357  081 
9-82337  202 
9-82317365 


1  =  3 


22  066 
22  014 
21  962 
21  910 
21  859 

21  807 

21  756 
21  705 
21  655 
21  605 

21555 
21  504 

21  456 
21  406 
21  358 

21  309 
21  260 
21  213 
21  165 
21  117 

21  070 
21  023 
20  977 
20  929 
20884 

20  837 
20  792 
20745 
20  701 
20655 

20  610 
20565 
20  521 
20477 
20432 

20388 
20345 
20  302 
20  258 
20  215 

20  172 
20  130 
20088 
20  045 
20  003 

19  962 
19  920 
19879 
19837 
19797 


9-76328  132  _ 
9-76310  249 
9-76292  403 

9-76274  593 
9-76256  820 

9-76239  083 
9-76221  383 
9-76203  719 
9-76186  092 
9-76168  501 

9-76150947 
9-76I33  427 
9-76115942 
9-76098  492 
9-76081  077 

9-76063  696 
9-76046351 
9-76029  040 
9-76011  763 
9*75994  520 

9-75977  3" 
9-75960  136 
9-75942  994 
9-75925  886 
9-75908  811 

9-75891  77° 
9-75874  761 
9-75857  785 
9-75840  842 
9-75823  932 

9-75807  054 
9-75790  208 

9-75773  395 
9-75756  6I3 

9-75739  864 

9-75723  J46 
9-75706459 
9-75689  804 
9-75673  181 
9-75656  588 

9-75640  027 
9-75623  497 
9-756o6  997 
9-75590  528 
9-75574  °89 

9*75557  681 
9-75541  3°3 
9-75524  955 
9-75508  638 

9-75492  349 


9-82297  568  _I9756 


17883 
17846 
17  810 
17  773 
17  737 

17  700 
17  664 
17  627 
17  591 
17  554 

17  520 
17  485 
17  45° 
17  415 
17  381 

17  345 
17  311 

17277 

17243 
17  209 

17  *75 
17  142 
17  108 
i7°75 
i7°4i 

17  009 
16  976 

i6  943 
16  910 
16878 

16846 
16  813 
16782 
16749 
16  718 

16687 
16655 
16  623 

16593 
16  561 

16530 
16  500 
16  469 

16439 
16  408 

16378 
16348 
16317 
16289 
16258 


9-75476  09I  _l6229 


TABLE  I.  LogG£ 
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(i+a?-20LCOsS)-i=(i-a.2)-i(lG?)+  £  G^  a*  cos  iS),  p  =  of+(i- 


p  =  200  to  2-50 

s  =  |,i'  =  0to3 


t  =  o 


2-00 
2-OI 
2-02 

2-03 

2-04 
2-05 

2-06 

2-07 

2-08 

2-09 

2-IO 
2-II 
2-12 
2-13 
2-I4 

2-15 
2-16 

2-17 
2-18 

2-19 


20 
21 
22 

23 

24 


2- 
2- 
2- 

2- 
2-29 


•25 
•26 
•27 
•28 


2-30 
2-31 
2-32 

2-33 
2-34 

2-35 
2-36 

2-37 
2-38 

2-39 

2-40 

2-41 
2-42 

2-43 
2-44 

2-45 
2-46 

2-47 
2-48 
2-49 

2-50 


17362  278 
17321  254 
17280  352 

17239  571 
17198  910 

17158369 
17117947 
17077  642 
I7037  456 
16997  385 

16957  431 
16917  592 
16877  867 
16838257 
16798  759 

16759  374 
16720  101 
16680  939 
1664 1  888 
16602  946 

16564  114 
16525  390 
16486  775 
16448  266 
16409  864 

16371  569 

16333  379 
16295  293 
16257  312 
16219435 

16181  661 
16143  989 
16106  420 
16068  951 
1603 1  584 

15994  317 
J5957  149 
15920  080 
15883  no 
i5846  239 

15809  464 
15772  786 
15736205 
15699  720 
^663  330 

15627035 
15590  834 

15554  727 
15518713 
15482  792 

•15446963 


-41  024 
40  902 
40  781 
40  661 
40541 

40  422 

40305 
40  186 
40  071 
39  954 

39839 
39  725 
39  610 
39  498 
39  385 

39273 
39  162 
39051 

38942 
38832 

38724 
38615 
38509 
38  402 
38295 

38  190 
38086 
37  98i 
37  877 
37  774 

37672 
37  569 
37  469 
37  367 
37267 

37168 
37069 

36970 
36871 

36  775 

36678 
36581 
36485 
36390 
36295 

36  201 
36  107 
36  014 
35  921 
35  829 


t  =  i 


9-92767  367 
9-92741  533 
9-92715  760 
9-92690  049 
9-92664  400 

9-92638  811 
9-92613  283 
9-92587  816 
9-92562  408 
9-92537  °6o 

9-92511  772 
9-92486  543 
9-92461  372 
9-92436  260 
9-92411  206 

9-92386  210 
9-92361  272 

9-92336  39I 
9-92311  566 
9-92286  799 

9-92262  088 
9-92237  433 
9-92212  834 
9-92188  291 
9-92163  803 

9-92139  370 
9-92114991 
9-92090  667 
9-92066  398 
9-92042  182 

9-92018  020 

9-9i993  9ii 
9-91969  856 

9-91945  853 
9-91921  903 

9-91898  005 
9-91874  160 
9-91850  366 
9-91826  624 
9-91802  934 

9-91779  294 

9-91755  705 
9-91732  168 
9-91708  680 
9-91685  243 

9-91661  855 
9-91638  518 
9-91615  229 
9-91591  990 
9-91568  800 

9-9I545  659 


-25  834 
25  773 
25  711 
25  649 
25589 

25528 
25467 
25  4°8 
25  348 
25288 

25  229 
25  171 
25  112 

25054 
24996 

24938 
24881 
24825 

24767 
24  711 

24655 
24  599 
24  543 
24488 

24  433 

24  379 
24324 
24  269 
24  216 
24  162 

24  109 

24055 
24  003 

23  95o 
23898 

23845 
23  794 
23  742 
23  690 
23640 

23589 

23  537 
23488 

23  437 
23388 

23  337 
23  289 

23  239 

23  190 

■23  H1 


J  =  2 


82297  568 

82277  §12  ' 

82258  097 

82238  422 

82218  787 

82199  192 
82179  637 
82l6o  121 
82I4O  645 
82  12  I  209 

82IOI  8ll 

82082  452 

82063  I32 

82043  85I 

82024  608 

82005  403 

81986  236 

81967  IO7 

81948  Ol6 

81928  962 

81909  946 

8189O  967 

81872  024 

81853  119 

81834  250 

81815418 
81796  622 
81777862 
81759  I38 
8174O45O 

8172I  798 

81703  l8l 

81684  600 

81666  054 

81647  543 

8l629  066 

8l6lO  625 

81592  2l8 

81573  846 

8i555  5°8 

81537  204 

81518934 
81500  698 
81482  496 
81464  327 

81446  192 
81428  091 
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9-67493  643 
9-67479  491 

9-67465  366 
9-67451  267 
9-67437  194 
9-67423  J48 
9-67409  127 

9-67395  132 
9-67381  163 
9-67367  220 
9-67353  302 
9-67339  4°9 

9-67325  542 
9-67311  7°o 
9-67297  883 
9-67284  091 
9-67270  323 

9-67256  581 
9-67242  863 
9-67229  169 
9-67215  500 
9-67201  855 

9-67188234 
9-67174637 
9-67161  064 
9-67147  5J5 
9-67J33  990 
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14  046 
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13867 
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9-66973  5°o 
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9-63865  283 

9-63852  958 
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9-63828  369 
9-63816  105 
9-63803  861 

9-63791  638 
9-63779  435 
9-63767  252 

9-63755  089 
9-63742  946 

9-63730  823 
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9-63682  526 

9-63670  501 
9-63658  495 
9-63646  508 

9-63634  541 
9-63622  592 

9-63610  663 

9-63598  753 
9-63586  861 
9-63574  988 
9-63563  J34 

9-6355I  299 
9-63539  482 
9-63527  684 
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9-63504  143 

9-63492  399 
9-63480  674 
9-63468  967 
9-63457  279 
9-63445  608 
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12  494 
12  472 

12  451 
12430 

12  409 
12388 
12  367 
12  346 
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12  264 
12  244 
12  223 
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12  183 
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12  143 
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12  064 
12045 
12  025 

12  006 
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11  967 
11  949 
11  929 


II 
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II 

892 

1 1 
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II 

854 

II 
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1 1 

817 

1 1 
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1 1 
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II 
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II 
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11  725 
11  707 
11  688 
11  671 
11  653 


9-60982  959 
9-60971  693 
9-60960  444 
9-60949  213 
9-60938  001 

9-60926  805 
9-60915  628 
9-60904  468 
9-60893  325 
9-60882  200 

9-60871  092 
9-60860  001 
9-60848  928 
9-60837  872 
9-60826  832 

9-60815  810 
9-60804  805 
9-60793  816 
9-60782  844 
9-60771  889 

9-60760  951 
9-60750  029 

9-60739  124 
9-60728  235 
9-60717  362 

9-60706  506 
9-60695  666 
9-60684  842 
9-60674  034 
9-60663  243 

9-60652  467 
9-60641  707 
9-60630  963 
9-60620  235 
9-60609  523 

9-60598  827 
9-60588  146 

9-60577  480 
9-60566  830 
9-60556  196 

9-60545  577 
9-60534  973 
9-60524  385 
9-60513  812 
9-60503  254 


9-60492  711 
9-60482  183 
9-60471  671 
9-60461  173 
9-60450  690 


11  266 
11  249 
11  231 
11  212 
11  196 


177 
160 


11 
11 

11  143 
11  125 

11  108 


II 

091 

II 
II 

073 
056 

II 

040 

II 

022 

II 
10 

005 

989 

10 

972 

10 
10 

955 
938 

10 

922 

10 
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IC 
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10  840 
10  824 
10808 
10  791 
10  776 

10  760 

10744 
10  728 
10  712 
10  696 

10  681 
10  666 
10  650 
10634 
10  619 

10  604 
10588 
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10  543 

10  528 
10  512 
10  498 
10483 
10  468 
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-15  120 

15  093 
15  064 
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15  010 

14  982 

14  954 
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14  901 
14873 

14847 
14  819 

14  793 
14767 
14  741 

I4  7?4 
14688 
14  662 
14  636 
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14  559 
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14483 
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1-58  9-70980037 

1-59  970965  136 

i-6o  9-70950  263 

i-6i  970935  4J6 

1-62  9-70920597 

1-63  9-70905  804 

1-64  9-70891  037 

1-65  9-70876  296 

1-66  9-70861  582 

1-67  9-70846894 

i-68  9-70832  232 

1-69  9-70817  596 

1-70  9-70802  986 

1-71  9-70788401 

1-72  9-70773  842 

1-73  9-70759  309 

1-74  9-70744  800 

1-75  9-70730317 

1-76  9>7°7I5  859 

1-77  9-70701  427 

1-78  9-70687  019 

1-79  9-70672  635 

i-8o  9-70658277 

i-8i  9-7o643  943 

1-82  9-70629634 

1-83  9-70615  349 

1-84  9-70601  088 

1-85  9-70586852 

1-86  9-70572  640 

I-87  9-70558  452 

1-88  9-70544  287 

1-89  9-70530  147 

1-90  9-70516030 

1-91  9-7°501  937 

1-92  9-70487  867 

1-93  9-70473  821 

1-94  9-70459  798 

1-95  9-70445  799 

1-96  9-70431  822 

1-97  9-70417869 

1-98  9-70403  939 

1-99  9-70390032 


2-00   9-70376  147  _I3862 


14458 

14432 

14  408 

14384 

14358 

14  334 

14309 
14285 
14  261 

14236 

14  212 

14  188 

14  165 

14  140 

14  117 

14093 

14  070 
14  046 

14023 

13  999 

13  977 

13  953 

13930 

13  907 
13885 

9-66920  730 
9-66907  593 
9-66894  477 
9-66881  384 
9-66868  312 

9-66855  262 
9-66842  234 
9-66829  227 
9-66816  242 
9-66803  278 

9-66790  335 
9-66777  413 
9-66764  513 
9-66751  633 
9-66738  775 

9-66725  937 
9-66713  120 
9-66700  323 
9-66687  547 
9-66674  792 

9-66662  057 
9-66649  342 
9-66636  648 
9-66623  973 
9-66611  319 

9-66598  685 
9-66586  070 
9-66573  476 
9-66560  901 
9-66548  346 

9-66535  810 
9-66523  294 
9-66510  797 
9-66498  320 
9-66485  862 

9-66473  423 
9-66461  004 
9-66448  603 
9-66436  222 
9-66423  859 

9-66411  516 
9-66399  191 
9-66386  885 
9-66374  598 
9-66362  329 

9-66350  079 
9-66337  847 
9-66325  634 
9-66313  439 
9-66301  262 

9-66289  104  _ 


-13  J37 
13  116 

13  093 
13  072 
13  050 

13  028 
13  007 
12  985 
12  964 
12  943 

12  922 
12  900 
12  880 
12  858 
12838 

12  817 
12  797 
12  776 
12  755 
12  735 

12  715 
12  694 
12  675 
12654 
12634 

12  615 
12594 
12  575 
12  555 
12  536 

12  516 
12497 
12477 
12458 
12439 

12  419 
12  401 
12  381 
12  363 
12343 

12  325 
12  306 
12  287 
12  269 
12  250 

12  232 
12  213 
12  195 
12  177 
12  158 

12  140 


9-63433  955 
9-63422  320 
9-63410  703 

9-63399  103 
9-63387  522 

9-63375  958 
9-63364411 
9-63352  882 

9-6334I  37o 
9-63329  875 

9-63318398 
9-63306  938 
9-63295  495 
9-63284  069 
9-63272  660 

9-63261  268 
9-63249  893 
9-63238  534 
9-63227  192 
9-63215  867 

9-63204  559 
9-63193  267 
9-63181  992 
9-63170  733 
9-63159490 

9-63148  264 

9-63137054 
9-63125  860 
9-63114  682 
9-63103  521 

9-63092  375 
9-63081  245 
9-63070  131 
9-63059  033 
9-63047  951 

9-63036  885 
9-63025  834 
9-63014  799 
9-63003  779 
9-62992  775 

9-62981  786 
9-62970  813 
9-62959  855 
9-62948  912 
9-62937  985 

9-62927  073 
9-62916  176 
9-62905  294 
9-62894  427 
9-62883  575 


-11  635 
11  617 
11  600 
11  581 
11  564 

11  547 
11  529 
11  512 
11  495 
11  477 

11  460 

11  443 
11  426 
11  409 
11  392 

11  375 
11  359 
11  342 
11  325 
11  308 

11  292 

11  275 
11  259 
11  243 
11  226 

11  210 
11  194 
11  178 
11  161 
11  146 

11  130 
11  114 
11  098 
11  082 
11  066 

11  051 

11  035 
11  020 
11  004 
10  989 

10973 
10  958 

10  943 
10  927 
10  912 

10  897 
10882 
10867 
10  852 
10837 


9-62872  738  _Iog22 


9-60440  222 
9-60429  769 
9-60419  330 
9-60408  907 
9-60398  498 

9-60388  103 
9-60377  723 
9-60367  358 
9-60357  007 
9-60346  670 

9-60336  348 
9-60326  040 
9-60315  746 
9-60305  467 
9-60295  201 

9-60284  950 
9-60274  712 
9-60264  489 
9-60254  279 
9-60244  084 

9-60233  902 
9-60223  734 
9-60213  580 
9-60203  439 
9-60193  312 

9-60183  198 
9-60173  098 
9-60163  012 
9-60152  939 
9-60142  879 

9-60132  833 
9-60122  800 
9-60112  780 
9-60102  774 
9-60092  781 

9-60082  801 
9-60072  834 
9-60062  880 
9-60052  939 
9-60043  on 

9-60033  096 
9-60023  194 
9-60013  305 
9-60003  428 
9-59993  564 

9-59983  713 
9-59973  875 
9-59964  050 

9-59954  236 
9-59944  436 

9-59934  648  _ 
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10439 
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10  409 
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10  35i 
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10  308 
10  294 
10  279 
10  266 
10  251 
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10  223 
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10  154 
10  141 

10  127 
10  114 

10  100 

10  086 
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10  060 
10  046 

10  033 

10  020 
10  006 

9  993 
9  980 

9967 

9  954 
9941 

9  928 
9  915 
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851 
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814 
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788 
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2-00 
2-OI 
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2-04 

2-05 
2-o6 
2-07 
2-o8 
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2-12 
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2-23 
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2-25 
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2-37 
2-38 
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2-41 
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2-44 
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2-46 
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9-70293314 
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9-70130  026 
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9-70062  898 
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9-70036  193 

9-70022  871 
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9-69996  289 
9-69983  029 

9-69969  789 
9-69956  569 
9-69943  370 
9-69930  190 
9-69917031 

9-69903  891 
9-69890  772 
9-69877  672 
9-69864  592 
9-69851  532 

9-69838  491 
9-69825  470 
9-69812  468 

9-69799  486 
9-69786  523 

9-69773  58o 
9-69760  655 

9-69747  750 
9-69734  864 
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13  817 
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13  618 

13  596 
13  574 
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13404 
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13  140 
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13  021 
13  002 
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12  963 
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9-66264842 
9-66252738   I2o8^ 

9-66240651  I2o6£ 


9-66228  583 
9-66216533 
9-66204  500 
9-66192  485 
9-66180488 


9-66168  508 
9-66156  546 
9-66144  601 
9-66132  673 
9-66120  763 

9-66108  870 
9-66096  994 
9-66085  135 
9-66073  293 
9-66061  469 

9-66049  661 
9-66037  870 
9-66026  096 
9-66014  339 
9-66002  598 

9-65990  874 
9-65979  167 
9-65967  476 
9-65955  802 
9-65944  J44 

9-65932  5°2 
9-65920  877 
9-65909  268 

9-65897  675 
9-65886  098 

9-65874  537 
9-65862  992 

9-65851  464 

9-65839951 
9-65828  454 

9-65816973 
9-65805  508 

9-65794  058 
9-65782  624 
9-65771  206 

9-65759  803 
9-65748  416 

9-65737  045 
9-65725  688 

9-657H  347 
9-65703  022 


12  050 
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11  997 
n  980 
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11  945 
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n  893 
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11  724 
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11  4°3 
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9-62829  539 

9-62818  776 
9-62808  027 
9-62797  293 
9-62786  574 
9-62775  869 

9-62765  179 
9-62754  503 
9-62743  841 
9-62733  194 
9-62722  561 

9-62711  942 
9-62701  337 
9-62690  747 
9-62680  170 
9-62669  608 

9-62659  059 
9-62648  524 
9-62638  004 
9-62627  497 
9-62617  004 

9-62606  524 
9-62596  059 
9-62585  607 
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9-62543  934 
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9-62523  178 
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10  619 
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10 175 
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9-59895  620 

9-59885  894 
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9-59866  479 
9-59856  790 
9-59847  113 

9-59837  448 
9-59827  795 
9-59818  154 
9-59808  525 
9-59798  909 

9-59789  3°4 
9-59779  711 
9-5977°  130 
9-59760  560 

9-59751  o°3 

9-59741  457 
9-59731  923 
9-59722  401 
9-59712  890 
9-59703  39i 

9-59693  903 
9-59684  427 

9-59674  963 
9-59665  510 
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9-59646  638 
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9-59580  942 
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9-595!5  79i 
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9-59478  803 
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9-59460  374 
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9-58970  503 
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9-58936  856 
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56854  974 
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56822  888 
56812  230 
56801  591 
56790  970 
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56769  782 
56759215 
56748  666 

56738  135 
56727  622 

56717  127 
56706  649 
56696  109 
56685  747 
56675  322 

56664  914 
56654  523 
56644  150 
56633  794 
56623  454 

56613  132 
56602  827 
56592  538 
56582  266 
56572  on 

56561  772 
56551  549 

56541  344 
56531  154 
56520981 

56510  824 
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56490  558 
56480  449 
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9-54556  595 
9-54546  968 
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9-54065  744 
9-54056  836 
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9-55863  874 

9-55854  675 
9-55845  489 

9-55836  315 
9-55827  153 
9-55818  004 
9-55808  866 
9-55799  74i 

9-55790  628 
9-5578i  527 
9-55772  438 
9-55763  360 
9-55754  295 

9-55745  242 
9-55736  200 

9-55727  I71 
9-557i8  152 

9-55709  146 

9-55700  151 
9-55691  168 
9-55682  196 

9-55673  236 
9-55664  287 

9-55655  35o 
9-55646  424 
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9-556I9  7!5 
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9-55601  966 

9-55593  108 
9-55584  261 

9-55575  425 

9-55566  601 
9-55557  788 
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9-55540  194 
9-55531  4X3 
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9-555J3  885 
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9273 
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9  089 
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9  029 
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8  937 
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8880 
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8  803 
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8  726 
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9-53786  507 
9-53777  967 
9-53769  438 
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9-53752413 

9-53743  917 
9-53735  431 
9-53726956 
9-53718491 
9-53710037 
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9-53693  161 
9-53684  739 
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9-53667  926 

9-53659  535 
9-5365I  154 
9-53042  784 

9-53634  424 
9-53626  074 

9-536I7  734 
9-53609  4°4 
9-53601  085 
9-53592  776 
9-53584  477 

9-53576  187 
9-53567  908 
9-53559  639 
9-53551  380 
9-53543  I31 

9-53534  891 
9-53526  66i 
9-53518442 
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9-53436  778 
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9-53420  561 

9-53412  466 

9-53404  381 
9-53396  305 
9-53388  238 
9-53380  181 

9-53372  133  _ 


-8540 

8529 
8518 

8507 
8496 

8486 

8  475 
8465 

8  454 
8  443 

8  433 

8422 
8  412 
8  401 
8  391 

8381 
8370 
8  360 
8350 
8340 

8330 
8319 
8309 
8  299 
8  290 

8279 
8269 
8259 
8249 
8  240 

8  230 
8  219 
8210 
8  200 
8  191 

8  181 
8  171 
8  161 
8  152 
8  142 

8i33 
8  123 

8  113 

8  104 
8095 

8085 
8076 
8067 

8057 
8048 

8039 


9-51838  147 
9-51830  241 
9-51822  344 
9-51814457 
9-51806579 

9-51798  710 
9-51790851 
9-51783  001 

9-5J775  160 
9-51767328 

9-5 1 759  506 
VS^IS1  693 
9-51743  889 
9-51736094 
9-51728308 

9-51720531 
9-51712  763 
9-51705  004 
9-51697254 
9-51689513 

9-51681  781 
9-51674058 
9-51666343 
9-51658638 
9-51650941 

9-51643  253 

9-5I635  573 
9-51627903 
9-51620  241 
9-51612  588 

9-51604943 

9-5I597  307 
9-51589679 
9-51582  060 
9-5J574  450 

9-51566  848 
9-5I559  255 
9-5I55I  670 
9-51544093 

9-5I536  525 

9-51528965 
9-51521  414 
9-51513870 
9-5!5o6  335 
9-51498  809 

9-51491  290 
9-51483  780 
9-51476278 
9-51468  785 
9-51461  299 

9-51453  822  _ 


-7  906 

7  897 
7  887 
7878 
7869 

7  859 
7850 
7841 
7832 
7  822 

7813 
7804 


795 
786 

777 


7768 
7  759 
7  75o 
7  74i 
7  732 


7  723 
7  7i5 
7705 
7697 
7688 

7  680 
7  670 
7  662 
7653 
7645 

7636 
7628 
7619 
7  610 
7  602 

7  593 

7  585 
7  577 
7  568 
7  56o 

7  551 

7  544 
7  535 
7  526 

7  519 


7  5io 
7  502 

7  493 
7486 

7  477 


7  469 


86 


TABLE   I. 


LogGf 


(i  +0L2-20LCosS)-i=(i-a.2fi^Gf)+TlGil)  oScosiS),    p  =  a?-r{i 


p  =  1-50  to  200 
~a)'  s  =  l,  t  =  8  toll 


P 


i  -50 

i-5i 
1-52 

i-53 
i-54 

i-55 

i-56 

i-57 
1-58 

i-59 


60 
61 
62 

63 
64 

65 

66 
•67 
•68 
•69 


1-70 
1-71 

1-72 

i-73 
1-74 

i-75 

1-76 
1-77 
1-78 
1-79 

i-8o 
i-8i 
1-82 
1-83 
1-84 

1-85 
i-86 

1-87 
i-88 
1-89 

1-90 
1-91 
1-92 

i-93 
1-94 

i-95 
1-96 
i-97 
1-98 
1-99 

2-00 


9-57815  896 
9-57806  399 
9-57796915 

9-57787  444 
9-57777  9»4 

9-57768  537 
9-57759  102 
9-57749  680 
9-57740  269 

9-57730  871 

9-57721  485 
9-57712  in 
9-57702  749 

9-57693  399 
9-57684  061 

9-57674  735 
9-57665  420 
9-57656  118 
9-57646  827 
9-57637  548 

9-57628  281 
9-57619025 
9-57609  782 
9-57600  549 
9-57591  329 

9-57582  119 
9-57572  922 
9-57563  735 
9-57554  56I 
9-57545  397 

9-57536  245 
9-57527  104 

9-575I7  975 
9-57508  856 

9-57499  749 

9-57490  654 
9-57481  569 
9-57472  495 
9-57463  432 
9-57454  381 

9-57445  34° 
9-57436  3!Q 
9-57427  292 
9-57418284 
9-57409  287 

9-57400  301 

9-57391  325 
9-57382  361 

9-57373  4°7 
9-57364  464 

9-57355  531 


-9  497 
9484 

9  47i 
9  460 

9  447 

9  435 
9422 
9411 
9  398 
9386 

9  374 
9362 

9  350 
9  338 
9326 

9  3*5 

9302 

9291 
9279 
9  267 


256 
243 
233 
220 


9  210 

9  197 

9187 

9  174 
9  164 
9  152 

9  I41 
9  129 
9  119 
9  107 
9095 

9085 
9074 
9063 
9051 
9041 

9  °3° 
9  018 
9  008 

8  997 
8986 

8  976 
8964 

8  954 
8  943 
8  933 

-8  922 


9-55478  957  . 
9-55470  252 
9-5546I  558 
9-55452  874 

9-55444  201 

9-55435  538 
9-55426  886 
9-554l8244 
9-55409612 
9-55400  992 

9-55392  381 
9-55383  781 
9-55375  i9i 
9-55366611 
9-55358  042 

9-55349  483 
9-5534°  934 
9-55332  395 
9-55323  867 
9-553J5  348 

9-55306  840 
9-55298  342 
9-55289  853 
9-55281  375 
9-55272  906 

9-55264  448 
9-55255  999 
9-55247561 
9-55239  132 
9-55230  712 

9-55222  303 

9-552I3  903 
9-55205  513 

9-55I97  133 
9-55188  763 

9-55180  402 
9-55172  050 
9-55163  708 
9-55I55  376 
9-55I47  °53 

9-55I38  740 
9-55I30  436 
9-55122  142 

9-55"3  857 
9-55I05  581 

9-55097  3I5 
9-55089  058 
9-55080  810 

9-55072  57i 
9-55064  342 


-8705 
8694 
8684 
8673 
8663 

8652 
8642 
8632 
8620 
8  611 

8600 
8590 
8580 
8569 
8  559 

8  549 
8  539 
8528 

8519 
8508 

8498 
8489 
8478 
8469 
8458 

8  449 
8438 
8429 
8  420 
8  409 

8  400 
8390 
8380 
8370 
8361 

8  352 
8342 
8  332 
8323 
8313 

8304 
8  294 

8285 
8276 
8266 

8257 

8248 

8239 
8  229 
8  220 


1  =  10 


9-55056  122  _g2II 


9-53372  133 _ 
9-53364  094 
9-53356  065 
9-53348  045 
9-53340  034 

953332  032 
9-53324  039 
9-53316056 
9-533o8o8i 
9-53300  116 

9-53292  159 
9-53284  211 
9-53276  273 
9-53268  343 
9-53260  422 

9-53252  5ID 
9-53244  607 

9-53236  7J3 
9-53228  827 
9-53220951 

9-53213083 
9-53205  224 

9-53I97  374 
9-53189532 
9-53181  699 

9-53I73  874 
9-53166058 
9-53158251 
9-53150452 
9-53142  662 

9-53134  881 
9-53127  108 
9-53II9  343 
9-53"i  587 
9-53103  839 

9-53096  100 
9-53088  368 
9-53080  646 

9-53072  931 
9-53065  225 

9-53057  527 
9-53049  837 
9-53042  156 

9-53034  482 
9-53026817 

9-53019  160 
9-53011  511 
9-53003  871 
9-52996  238 
9-52988  614 


-8039 
8  029 
8  020 
8011 
8  002 


7  993 
7  983 
7  975 
7  965 
7  957 


948 
938 
93o 
921 
912 


7  903 

7  894 
7  886 

7876 
7868 


859 
850 

842 

833 

825 

816 
807 

799 
790 
781 


7  773 
7  765 
7  756 
7  748 
7  739 

7  732 

7  722 

7  715 
7  706 
7698 

7  690 
7681 
7674 
7665 
7  657 

7649 
7640 

7  633 
7624 
7617 


2=11 


9-5298o  997  _  7  6o8 


9-51453  822 

9-5M46  353 
9-51438  892 

9-5J43i  438 
9-5!423  993 

9-51416556 
9-51409  127 
9-51401  706 
9-51394  293 
9-51386887 

9-5I379  490 
9-51372  100 
9-51364719 
9-5I357  345 
9-5J349  979 

9-51342  621 
9-5I335  27I 
9-5J327  929 
9-51320594 
9-51313  267 

9-5!305  948 
9-51298  636 
9-51291  333 
9-51284  036 
9-51276748 

9-51269  466 
9-51262  193 
9-51254927 
9-51247  668 
9-51240417 

9-51233  174 

9-51225938 
9-51218  709 
9-51211  488 
9-51204274 

9-51197  068 
9-51189  869 
9-51182  677 

9-5II75  493 
9-51168316 

9-51161  146 

9-5H53  984 
9-51146  828 
9-51139  680 
9-5"32  539 

9-51125  406 
9-51118  279 
9-51111  160 
9-51104047 
9-51096  942 

9-51089  844  _ 


-7  469 
7461 

7  454 
7  445 
7  437 

7  429 
7421 

7  413 
7  4o6 

7  397 

7  390 

7  38i 

7  374 
7366 

7  358 

7  35° 
7  342 
7  335 
7  327 
7  319 

7  312 
7  303 
7  297 
7288 
7  282 


7  273 
7  266 

7  259 
7251 
7  243 


236 
229 
221 
214 


7  206 


7  J99 
7  192 
7184 

7  J77 
7  170 


162 

148 
141 
133 


7  "7 

7  lI9 

7  "3 
7  io5 
7098 

7091 


TABLE  I. 


LogG^ 


87 


(i+a2-2acos5)-^=(i-a2)-J(iGi°)+l;G^aicosiS),  £  =  a2-(i-a2).  ?_  \    '._g°to  ^ 


2-00 
2-OI 
2-02 
2-03 
2-04 

2-05 

2-06 

2-07 

2-08 

2-09 

2-IO 
2-II 
2-12 
2-13 
2-I4 

2-15 
2-16 
2-17 
2-18 
2-19 

2-20 
2-21 
2-22 
2-23 
2-24 

2-25 
2-26 
2-27 
2-28 
2-29 

2-30 
2-31 
2-32 

2-33 
2-34 

2-35 
2-36 

2-37 
2-38 

2-39 

2-40 
2-41 
2-42 
2-43 
2-44 

2-45 
2-46 
2-47 
2-48 
2-49 

2-50 


9-57355  53i  . 
9-57346  609 

9-57337  698 
9-57328  797 
9-573i9  9o6 

9-57311  027 
9-57302  157 
9-57293  298 
9-57284  450 
9-57275  612 

9-57266  784 

9-57257  966 
9-57249  159 
9-57240  362 
9-57231  576 

9-57222  799 
9-57214033 
9-57205  277 
9-57J96  531 
9-57187795 

9-57179069 

9-57I70  353 
9-57161  648 

9-57I52  952 
9-57144266 

9-57*35  59o 
9-57126  924 
9-57118  268 
9-57109  621 
9-57100985 

9-57092  358 
9-57083  741 
9-57075  134 
9-57066536 

9-57057  948 

9-57049  37° 
9-57040  801 
9-57032  242 
9-57023  692 
9-57OI5  152 

9-57006  621 
9-56998  100 
9-56989  588 
9-56981  085 
9-56972  592 

9-56964  108 

9-56955  634 
9-56947  168 

9-56938  712 
9-56930  266 

9-56921  828 


■8  922 
8911 
8  901 
8  891 
8879 

8870 
8859 
8848 
8838 
8828 

8818 
8  807 

£797 
8  786 

8777 

8  766 
8  756 
8746 

8  736 
8726 

8716 

8705 
8696 
8  686 
8676 

8  666 
8656 
8647 
8636 
8627 

8617 
8607 
8598 
8588 
8  578 

8569 
8  559 
8550 
8540 
8  53i 

8521 
8512 
8503 
8  493 
8484 

8474 
8466 
8456 
8446 
-8438 


9-55056  122 
9-55047  9II 
9-55039  709 
9-55031  5*7 
9-55023  333 

9-55oi5  159 
9-55006  993 
9-54998  837 
9  54990  690 
9-54982  551 

9-54974  422 
9-54966  302 
9-54958  190 
9-54950  087 
9-54941  993 

9-54933  908 
9-54925  832 
9-54917  765 

9-54909  7°6 
9-54901  656 

9-54893  615 
9-54885  583 
9-54877  559 
9-54869  544 
9-54861  537 

9-54853  539 
9-54845  55o 
9-54837  569 
9-54829  596 
9-54821  632 

9-54813  677 
9-54805  730 

9-54797  79i 
9-54789  861 
9-54781  939 

9-54774  026 
9-54766  121 
9-54758  224 
9-54750  335 
9-54742  455 

9-54734  583 
9-54726719 
9-54718  864 
9-54711  016 
9-54703  177 

9-54695  346 
9-54687  522 

9-54679  708 
9-54671  901 
9-54664  102 

9-54656  311 


-8211 
8  202 
8  192 

8  184 

8i74 

8  166 
8  156 
8147 

8i39 
8  129 

8  120 
8  112 
8  103 
8  094 
8085 

8076 
8067 
8059 
8  050 
8  041 

8  032 
8  024 
8015 
8  007 
7998 

7  989 
7  98i 
7  973 
7  964 
7  955 

7  947 
7  939 
7  930 
7  922 

7  913 

7  905 

7897 

7889 
7  880 
7872 

7864 

7  855 
7848 
7  839 
7831 

7824 
7814 
7807 

7  799 
-7791 


10 


9-52980  997 
9-52973  389 
9-52965  788 
9-52958  196 
9-52950  612 

9-52943  035 

9-52935  466 
9-52927  906 
9-52920  353 
9-52912  808 

9-52905  271 

9-52897  742 
9-52890  220 
9-52882  706 
9-52875  200 

9-52867  701 
9-52860  210 
9-52852  727 
9-52845  252 
9-52837  784 

9-52830  324 
9-52822  872 
9-52815  426 
9-52807  989 
9-52800  559 

9-52793  137 
9-52785  722 
9-52778  3J5 
9-52770915 

9-52763  523 

9-52756  138 
9-52748  760 

9-52741  390 
9-52734  027 
9-52726  672 

9-52719324 
9-52711  983 
9-52704  649 

9-52697  323 
9-52690  004 

9-52682  692 

9-52675  388 
9-52668  090 
9-52660  800 
9-52653  5I7 

9-52646  242 
9-52638  973 
9-52631  711 
9-52624  457 
9-52617  209 

9-52609  969 


■7608 
7  601 
7  592 
7  584 
7  577 

7  569 
7560 

7  553 
7  545 
7  537 

7  529 
7522 

7  514 
7506 

7  499 

7  49i 

7  483 
7  475 
7468 

7  46o 

7  452 
7  446 
7  437 
7  430 

7422 

7  4*5 
7  407 
7  400 
7  392 
7  385 

7  378 
7  37° 
7  363 
7  355 
7  348 

7  341 
7  334 
7326 

7  319 
7  312 

7  304 

7  298 
7  290 
7283 

7  275 

7  269 
7  262 

7  254 

7248 

-7240 


1  =  11 


9-51089  844 
9-51082  753  " 
9-51075  669 
9-51068  592 
9-51061  523 

9-51054  460 
9-51047404 
9-51040355 
9-5J033  3i3 
9-51026  278 

9-51019  250 
9-51012  229 
9-51005  214 
9-50998  206 
9-50991  206 

9-50984  211 
9-50977  224 
9-50970  244 
9-50963  270 
9-50956  303 

9-50949  343 
9-50942  39o 
9-50935  443 
9-50928  503 
9-50921  570 

9-50914  643 

9-50907  724 
9-50900  810 

9-50893  904 
9-50887  004 

9-50880  no 
9-50873  223 
9-50866  342 
9-50859  468 
9-50852  601 

9-50845  740 
9-50838  886 
9-50832  038 
9-50825  196 
9-50818361 

9-50811  532 
9-50804  710 

9-50797  894 
9-50791  084 
9-50784  281 

9-50777  484 
9-5077°  693 
9-50763  909 
9-50757  I31 
9-50750  359 . 

9-50743  594 


■  7091 
7084 

7077 
7  069 
7063 

7056 
7  049 
7042 
7035 
7  028 

7  021 

7015 
7  008 
7  000 
6  995 

6987 
6980 
6974 
6  967 
6  960 

6  953 
6947 
6  940 

6  933 

6  927 

6919 
6914 
6  906 
6  900 
6894 

6887 
6881 

6874 
6867 
6861 

6854 
6848 
6842 

6835 
6829 

6822 
6816 
6810 
6803 
6797 

6791 
6783 

6  778 
6772 

-6765 


88 


,(«') 


TABLE   II.    LogG| 

=  (i-a2)-*(^G3   +  SGj  o^cosiS),    p  =  a?  +  {i-a?). 


p  =  00  to  -50 

3 
2> 


s  =  f,  1  =  0  to  3 


%  =  o 


•oo 

•OI 
•02 

•03 
•04 

•05 
•06 
•07 
•08 
•09 

•IO 
•II 
•12 

•13 

•I4 

•15 
•16 
•17 
•18 
•19 

•20 
•21 
•22 

23 

•24 

•25 
•26 
•27 
•28 
•29 

•30 
•31 
•32 
■33 

•34 

•35 
•36 
•37 
•38 
•39 

•40 
•41 
•42 
•43 
•44 

•45 
•46 

'47, 
•48 

•49 
•50 


30103000 

30426  501 +|4  f 

30745  639  ^886 

31060  525  3J4  O0° 

•>     ^J3  310  742 

31371  267  ^>   '^ 


31677  968 
■31980  728 
■32279  643 
■32574  806 
■32866  307 

33*54  231 
33438  662 
33719  681 

33997  366 
34271  792 

34543  o33 
34811  158 
35076236 
35338  333 
35597  513 

35853  838 
36107  368 
36358  161 
36606  274 
36851  762 

37094  678 
37335  072 
37572  997 
37808  499 
38041  627 

38272  426 
38500  941 
38727215 
38951  290 
39173207 

39393  o°7 
39610  728 
39826  408 
40040  084 
40251  791 

40461  564 
40669  437 
40875  445 
41079  618 
41281  988 

41482  586 
41681  441 

41878583 
42074  041 
42267  842 


306  701 
302  760 
298915 
295  163 
291  501 

287  924 

284  431 
281  019 
277  685 
274  426 

271  241 
268  125 
265  078 
262  097 
259  180 

256  325 
253  530 
250  793 
248  113 
245  488 

242  916 
240  394 
237  925 
235  502 
233  128 

230  799 
228  515 
226  274 
224  075 
221  917 

219  800 
217  721 
215  680 
213  676 
211  707 

209  773 
207  873 
206  008 
204  173 
202  370 

200  598 
198  855 
197  142 

195  458 
193  801 
192  171 


•42460  013 +Igo568 


1  =  1 


•47712  125 

•47874  344 
•48035  295 
•48194997 
•48353  472 

•48510737 
•48666  812 
•48821  716 

•48975  466 
•49128  081 

•49279  576 
•49429  969 
•49579  277 

•49727  516 
•49874  700 

•50020  846 
•50165  969 
•50310  082 
•50453  201 

•50595  339 

•507365" 
•50876  729 
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•51832  633 
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•52229  239 

•52359  781 
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•53744 
■53865 

•53986 
■54106 
•54225 
•54344 
•54462 


721 
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524 
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62  219 
60  951 
59702 

58  475 
57265 

56075 
54  904 
53  750 
52615 

5M95 

50  393 

49308 
48239 
47  184 
46  146 

45  123 
44  "3 
43  "9 
42  138 
41  172 

40  218 
39278 

38351 
37  436 
36  533 

35644 
34  764 
33898 
33043 
32  198 

31365 

30542 
29730 
28928 
28136 

27  355 
26582 
25  820 
25  067 
24322 
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22  862 
22  144 

21434 
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18  013 
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58043  836 
58148592 
58252  785 
58356  424 


584595*3 
58562  059 
58664  069 

58765  548 
58866  502 

58966  938 
59066  860 
59166  275 
59265  187 
59363  603 

59461  528 
59558  966 
59655  924 
59752  4°5 
59848  416 

59943  96i 
60039  044 
60133  671 
60227  846 
60321 575 

60414  860 
60507  707 
60600  120 
60692  104 
60783  662 

60874  800 
60965  520 
61055  827 

61145725 
61235  217 

61324  309 
61413  003 
61501  303 
61589  213 
61676  737 

61763  878 
61850  639 

61937  °25 
62023  038 
62108683 


105  324 
104  756 
104  193 
103  639 
103  089 

102  546 
102  010 
101  479 
100  954 
100  436 

99  922 

99  4*5 
98  912 
98  416 
97  925 

97  438 
96958 
96  481 
96  on 
95  545 

95083 
94627 
94  175 
93  729 
93  285 

92  847 

92413 
91  984 

9i  55» 
91  138 

90  720 
90307 
89898 
89  492 
89  092 

88694 
88300 
87  910 

87524 
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86761 
86386 
86013 
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85279 
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64097  806 
64179059 
64259  958 
64340  509 
64420  713 

64500  575 
64580  097 
64659  283 

64738  136 
64816  659 

64894  855 
64972  727 
65050  278 
65127  512 
65204  430 

65281  036 
65357  332 
65433  322 
65509  008 

65584  392 

65659  478 
65734  268 
65808  764 
65882  969 
65956  886 

66030  516 
66103  863 
66176  929 
66249  716 
66322  227 

66394  463 
•66466  427 
66538  122 
•66609  549 
•66680  710 

66751  609 
66822  246 
66892  624 
66962  746 
67032  612 

67102  226 
67171  589 
67240  703 

67309  570 
67378  192 

67446  570 
67514  708 
67582  606 
67650  267 
67717  691 


81  253 
80899 
80  551 
80  204 
79  862 

79522 
79  186 
78853 
78523 
78  196 

77872 
77  551 
77  234 
76918 
76  606 

76  296 
75  990 
75  686 

75  384 
75086 

74  79o 
74496 
74205 

73  917 
73630 

73  347 
73  066 

72787 
72  511 

72236 

71  964 

71  695 
71427 
71  161 
70899 

70637 
70378 
70  122 
69866 
69  614 

69363 
69  114 

68867 
68622 
68378 

68  138 
67898 
67  661 
67424 
67  191 


•67784  882 +66Q5g 
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•56 
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•71 
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•76 
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•78 
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i-oo 
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43027  008 
43212  918 
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187437 
185  910 
184  406 
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43580  250 
43761  719 
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44297  603 

44473  462 
44647  971 
44821  150 
44993  oi9 

45*63  597 
45332  902 

455oo  954 
45667  769 
45833  366 

45997  762 
46160  974 
46323  018 
46483  911 
46643  668 

46802  305 
46959  837 
47116  279 
47271  646 
47425  952 

47579  211 
47731  437 
47882  644 
48032  844 
48182  051 

48330277 

48477  536 
48623  838 
48769  197 
48913  625 

49057  132 
49199  730 

4934 1  43i 
49482  246 
49622  184 

49761  258 
49899  476 
50036  850 
50173  390 
50309  105 

•50444  005 


182  926 
181  469 
180  034 
178  620 
177230 

175  859 
*74  509 
173  179 
171  869 
170578 

169  305 
168  052 
166  815 

165  597 
164  396 

163  212 
162  044 
160  893 

159  757 
158  637 

157  532 

156  442 

155  367 
154  306 
153  259 

152  226 
151  207 
150  200 
149  207 
148  226 

J47  259 
146  302 

145  359 
144  428 
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141  701 
140  815 
139  938 
139074 

138  218 

137  374 
136  540 

135  715 
134  900 

+  I34095 
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54696  627  ^  6  ^ 
548i2  679  °°f2 
54928093  ^782 
55042875  "J  7 


55^7  033 
55270  574 
55383  503 
55495  829 
55607  556 

557i8  693 
55829  245 
55939218 
56048  619 

56157  454 

56265  729 

56373  448 
56480  620 
56587  248 
56693  338 

56798  897 
56903  929 
57008  440 
57112435 
57215  919 

57318  897 
57421 375 

57523  357 
57624  848 

57725  853 

57826  376 
57926  423 
58025  997 
58125  104 
58223  748 

58321  933 
58419  664 
58516944 
58613  779 
58710  171 

58806  126 
58901  647 
58996  738 
59091  404 
59185  647 

59279  473 
59372  884 
59465  884 

59558  477 
59650  666 

•59742  456 
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112  929 
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in  727 
in  137 

no  552 

109  973 
109  401 
108  835 
108  275 


107  719 

107  172 

106  628 

106  090 

105  559 

105  032 

104  511 

103  995 

103  484 

102  978 

102  478 

101  982 

101  491 

101  005 

100  523 

100  047 

99  574 

99  107 

98644 

98185 

97  731 

97  280 

96835 

96392 

95  955 

95  521 

95091 

94  666 

94  243 

93  826 

93  4" 

93  000 

92  593 

92  189 

91  790 

+  91  393 
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62531  487 

62614  986 
62698  139 
62780  948 

62863  4X7 
62945  548 

63027  345 
63108  810 
63189945 

63270  755 
63351  241 

63431  406 

63511  253 
63590  785 
63670  004 
63748913 

63827514 
63905  810 
63983  803 
64061  497 
64138  892 

64215  992 
64292  799 
64369  315 

64445  543 
64521  484 

64597  142 
64672  518 
64747  614 
64822  433 
64896  977 

64971  248 
65045  248 
65118979 
65192  443 
65265  642 

65338  578 
654"  253 
65483  670 
65555  829 
65627  734 

65699  385 

65770  784 
65841  934 

65912  837 

65983  493 

•66053  905 


83849 
83  499 

§3  153 

82  809 
82  469 
82  131 
81  797 

81465 
81  135 
80810 
80486 
80  165 

79  847 
79  532 
79219 
78909 
78601 

78  296 

77  993 
77694 

77  395 
77  100 

76  807 
76  516 
76  228 

75  941 
75  658 

75  376 
75  096 
74819 

74  544 
74271 
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73  731 
73  464 
73  199 
72  936 

72675 
72417 
72  159 
71  905 
71  651 

71  399 
71  150 
70903 
70  656 
70  412 

+  70  170 


68117386 
68183  209 
68248  809 
68314  189 
68379  35o 

68444  294 
68509  022 

68573  536 
68637  837 
68701  926 

68765  806 
68829  478 
68892  943 
68956  203 
69019  259 

69082  112 

'69144  764 
69207  217 


W^82 +66  958 

67851 840  ^66^8 
67918568 
67985  067 
68051 339 


66  499 
66  272 
66  047 


69393  389 
69455  056 
69516530 

69577  813 
69638  904 

69699  807 
69760  522 
69821  049 
69881  392 
6994 1  550 

70001  525 
70061  318 
70120  930 
70180  363 
70239  618 

70298  695 

70357  596 
70416  322 

70474  874 
70533  254 

70591  461 
70649  498 
70707  366 
70765  065 
70822  596 

•70879  961 


65823 
65  600 
65380 
65  161 
64  944 

64  728 

645M 
64  301 
64  089 
63  880 

63  672 

63465 
63  260 
63  056 
62853 

62  652 

62453 
62  254 
62  057 
61  861 

61  667 
61  474 
61  283 
61  091 
60903 

60  715 

60  527 
60343 
60  158 

59  975 

59  793 
59  612 

59  433 
59  255 
59  077 

58  901 
58  726 
58552 
58380 
58207 

58037 
57  868 
57  699 
57  531 
57  365 

+  57  200 
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I-OO 
I-OI 
1-02 
I-03 
1-04 

1-05 

1-06 
1-07 
1-08 
1-09 
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I-I2 
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1-14 
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1-16 

I-I7 

MO 
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I-24 

1-25 
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i-3i 

1-32 

i-33 
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i-39 

1-40 
1.41 

1-42 
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1-44 
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1-47 
1-48 
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•50444  005 
•50578  100 
•5071 1  399 
•50843  911 
•50975  645 

•51106  610 
•51236  816 
•51366  269 
•5M94  980 
•51622  956 

•51750206 
•51876737 
•52002  558 
•52127675 
•52252  098 

•52375  833 
•52498  888 
•52621  270 
•52742  987 
•52864  045 

•52984451 
•53104  212 

•53223  336 
•53341  828 
•53459  695 

•53576  944 
•53693  581 
•53809  612 

•53925  043 
•54039  881 

•54*54  J31 
•54267  799 
•54380  892 
•54493  4*4 
•54605  371 

■54716  770 
•54»27  615 
•54937  9" 
•55047  665 
•55156  881 

•55265  565 
•55373  721 
•5548i  355 
•55588  471 
•55695  o75 

•55801  171 
•559o6  764 
•5601 1  859 
•56116459 
•56220571 


134  °95 
133  299 
132  512 

131  734 
130965 

130  206 

129  453 
128  711 
127  976 
127  250 

126  531 
125  821 
125  117 
124  423 
123  735 

123  055 
122  382 
121  717 
121  058 
120  406 

119  761 
119  124 

118  492 
117  867 
117  249 


116  637 

116  031 

"5  431 
114  838 

H4250 

113  668 

113  093 

112  522 

in  957 

in  399 

no  845 

no  296 

109  754 

109  216 

108  684 

108  156 

107  634 

107  116 

106  604 

106  096 

105  593 
105  095 
104  600 
104  112 
103  627 
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•59924850  yQ6l0 
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•56324  198  +Io3i47 


•60195  527 
•60284  989 
•60374  075 
•60462  788 
•60551  132 

•60639  108 
•60726  721 

•60813973 
•60900  867 
•60987  407 

•61073  595 

•61 159  434 
•61244  927 
•61330077 
•61414  887 

•61499  359 
•61583  496 
•61667  301 
•61750  776 
•61833  924 

•61916  748 
•61999  250 
•62081  433 
•62163  299 
•62244  850 

•62326  090 
•62407  020 
•62487  643 
•62567  962 
•62647  977 

•62727  693 
•62807  in 
•62886  233 
•62965  062 
■63043  600 

•63121  849 
•63199  811 
•63277  488 
•63354  883 
•63431  997 

•63508  832 

•63585  39i 
•63661  676 

•63737  688 
•63813430 


89  462 
89086 
88  713 
88344 
87976 

87613 
87  252 
86894 
86540 
86  188 


85839 
85493 

85  150 
84  810 
84472 

84137 
83805 

83475 
83  148 
82824 

82  502 

82  183 

81  866 

81  551 
81  240 

80  930 
80  623 
80  319 
80  015 
79716 

79418 

79  122 
78829 
78  538 
78  249 

77  962 
77  677 

77  395 
77  114 
76835 

76  559 
76285 
76  012 
75  742 
75  473 


•66053  905  +  7oi7o 
•66124075  £qq£8 
•66194003  ^ego 

•66333146  6q2I7 


•63888  903 +75207 


•66402  363 
•66471  346 
•66540  096 
•66608617 
•66676  907 

•66744  971 
•66812  809 
•66880  422 
•66947  812 
•67014  982 

•67081  931 
•67148  662 

•67215  177 
•67281  476 

•67347  561 

•67413  434 
•67479  096 

•67544  548 
•67609  792 

•67674  829 

•67739  660 
•67804  288 
•67868  712 

•67932  935 
•67996  958 

•68060  782 
•68124  408 
•68187  838 
•68251  073 
•68314  114 

•68376  962 
•68439618 
•68502  085 
•68564  362 
•68626  452 

•68688  355 
•68750  072 
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•68872  955 
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•68995  IIQ 
•69055917 
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•69176995 
•69237  269 
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68064 
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66  299 
66085 
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65037 
64831 
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64  023 
63  824 

63  626 
63  430 
63235 
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62848 

62  656 
62  467 
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62  090 
61  903 

61  717 
61  533 
61  35o 
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60  987 

60  807 
60628 
60  450 
60  274 
60  098 
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70937 161  y 

70994196  ^6872 

71051068  ^    1 

71107777  :)6/  i 
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71220  713 
71276  941 
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71444  678 
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71555  723 
71611  014 
71666  152 
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72047  909 
72IOI  855 
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72209  312 
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72422  509 

72475  456 

72528  263 

72580  931 
72633  461 
72685  §54 
72738  in 

72790  232 
72842  217 
72894  069 
72945  787 
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73253  33i 
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•58015  760 
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•58301  346 

•58395  73i 
•58489  716 
•58583  304 
•58676  500 

•58769  305 
•58861  724 
•58953  760 
•59045  415 
•59136  692 

•59227  596 
•59318  128 
•59408  292 
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•59587  527 

•59676  604 
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•59853  691 
•59941  706 
•60029  373 
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•60548  209 
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100  809 
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98  139 
97708 
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96855 

96  435 
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94788 
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86638 
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•63964110+75207 
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•64188  148    74  4i8 


•64262  307 
•64336  209 
•64409  855 
•64483  247 
•64556  388 

•64629  278 
•64701  920 

•64774  3J5 
•64846  464 
•64918  371 

•64990  036 
•65061  460 
•65132  646 
•65203  595 

•65274  3°9 

•65344  789 
•654*5  037 
•65485  054 
•65554  842 
•65624  403 

•65693  737 
•65762  847 

•65831  733 
•65900  398 
•65968  842 

•66037  °68 
•66105  076 
•66172  868 
•66240  446 
•66307  810 

•66374  962 
•66441  904 
■66508  636 
■66575  J6i 
•66641  478 

•66707  591 
•66773  5°o 
•66839  205 
•66904  710 
•66970  014 

•67035  119 
•67100  026 
•67164  737 
•67229  252 
•67293  573 


73902 
73646 
73  392 

73  141 
72  890 

72  642 

72  395 
72  149 
71  907 
71  665 

71424 
71  186 
70949 
70714 
70  480 

70  248 
70  017 
69788 
69  561 
69  334 

69  no 
68  886 
68665 
68  444 
68226 

68008 
67792 

67  578 
67364 

67  152 

66  942 
66  732 
66525 
66  317 
66  113 

65909 
65  705 
65505 
65304 
65  105 

64907 
64  711 

64  515 
64  321 
64  128 


2  =  2 


•67357  70I  +63  Q36 


69357  291+^9  4 

^94in41     59  578 
69476619     gj'6 

69536025  ^4 


69595  261 
69654  328 
69713  226 

69771  957 
69830  522 

69888  921 

69947  156 
70005  227 
70063  135 
70120  882 

70178  468 

70235  895 
70293  162 
70350  272 
70407  225 

70464  021 
70520  662 

70577  149 
70633  482 
70689  662 

70745  691 
70801  568 
70857  296 
70912  874 
70968  303 

71023  585 
71078  720 
71 133  709 
71188  552 
71243  252 

71297  807 
71352  219 
71406  490 
71460  619 
71514607 

71568  455 
71622  164 
71675  735 
71729  168 
71782  464 

71835  624 
71888  648 

7I941  537 
71994  293 
72046  915 


59067 
58898 
58  731 
58565 
58  399 

58235 
58071 
57  9o8 

57  747 
57  586 

57  427 
57267 
57  no 
56  953 
56796 

56641 
56487 
56  333 
56  180 
56029 

55877 
55  728 
55  578 
55  429 
55282 

55  135 
54  989 
54  843 
54  7oo 

54  555 

54  4*2 
54271 
54  I29 
53  988 
53848 

53  709 
53  571 
53  433 
53  296 
53  160 

53  024 
52  889 

52  756 
52  622 

52489 


•72099404+52357 


•73556  246      6 
•73606  292  x 
•73656  214 
•73706013 
73755  689 


•73805  243 

•73854  676 
•73903  988 
•73953  180 
•74002  252 

•74051  206 
•74100  041 
•74148  759 

•74197  359 
•74245  843 

•74294  211 
•74342  463 
•74390  601 
•74438  624 
•74486  534 

•74534  33i 
•74582  015 

•74629  587 
•74677  048 

•74724  398 

74771  638 
•74818  767 
•74865  788 
•74912  700 
•74959  5°3 

•75006  199 
•75052  788 
•75099  270 
•75145646 
•75191  916 

•75238  081 
•75284  142 
•7533°  098 
•75375  95i 
•75421  700 

•75467  347 
•75512  892 

•75558  335 
•75603  676 
•75648917 

•75694  058 

•75739  099 
•75784  040 
•75828  883 
•75873  627 

•75918273 


49  922 
49  799 
49676 

49  554 

49  433 
49  312 
49  192 
49072 

48  954 

48835 
48  718 
48  600 
48484 
48368 

48  252 
48  138 
48  023 
47910 

47  797 

47684 

47  572 
47461 
47  350 
47240 

47  129 
47  021 
46  912 
46  803 
46  696 

46589 
46  482 

46376 
46  270 
46  165 

46  06 1 
45  956 
45  853 
45  749 
45  647 

45  545 
45  443 
45  341 
45  241 
45  M1 

45041 
44941 

44  843 
44  744 
44  646 

+44  549 
3-2 
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TABLE   II.     LogG| 

+  a2-2acosS)-*=  (i  -a2)-*(iGf  +  £  Gj  a'cosiS),     ^  =  a2^(i-a: 


p  =  200  to  2-50 
s  =  f ,  i  =  0  to  3 


%  =  i 


2-00 
2-OI 
2-02 
2-03 
2-04 

2-05 

2-06 

2-07 

2-08 

2-og 

2-IO 
2-II 
2-12 
2-13 
2-I4 

2-15 
2-16 

2-17 
2-15 
2-19 

2-20 
2-21 
2-22 
2-23 
2-24 

2-25 
2-26 
2-27 
2-28 
2-29 

2-30 
2-3I 
2-32 

2-33 
2-34 

2-35 
2-36 

2-37 
2-38 

2-39 

2-40 

2-41 
2-42 

2-43 
2-44 

2-45 
2-46 

2-47 
2-48 
2-49 

2-50 


60971 
61055 
61138 
61221 
61304 

61386 
61468 
61550 
61632 
61713 


473  +83  690 

\$     ?3  375 

599     S3°61 
35o     *2?5* 


792 
929 
761 
291 
522 


61794  456 
61875  094 
61955  440 
62035  494 
62115  259 

62194  738 
62273  931 
62352  842 
62431  472 
62509  823 

62587  897 
62665  696 
62743  222 
62820  477 
62897  463 

62974 


82  442 

82  137 
81  832 
81  53o 
81  231 
80934 

80638 
80  346 
80  054 
79  765 
79  479 

79  193 
789H 
78630 

78  351 
78074 

77  799 

77526 

77  255 
76986 
76718 


62974  181  , 

'63050633  76  45 

•63126822  70i»^ 

.6I202748  ?5  926 

.63278414  75  666 


75  151 
74896 

74642 

74  391 

74  H1 

73  893 
73646 

73  401 
73  157 
72  916 


63353  822 
63428  973 
63503  869 
63578  511 
63652  902 

63727  °43 
63800  936 

63874  582 
63947  983 
64021  140 

64094  056 
64166  731 
64239  168 
643 1 1  368 
64383  332 


64455  061 
64526  559 
64597  825 
64668862  71037, 
64739  670 +7o5g2 

64810  252 


72 

675 

72437 

72 

200 

71 

964 

71 

729 

71 

498 

71 

266 

67357  701  ,  6     6 
67421  637+53930 

67485383  tlltl 

67548  939  |3  55| 
67612307  §3g 


67675  487 
67738481 
67801  290 
67863  915 
67926  358 

67988  618 
68050  698 
681 12  598 
68174  319 
68235  863 

•68297  230 
■68358421 
•68419  438 
•68480  282 
68540  953 

68601  452 
68661  781 
68721  940 
68781  930 
68841  753 

68901  409 
68960  899 
69020  224 
69079  385 
69138  383 

69197  219 

69255  894 
69314408 

69372  763 
69430  959 

69488  998 
69546  880 
69604  605 
69662  176 
69719  592 

69776  855 

69833  965 
69890  923 

69947  73o 
70004  387 

70060  895 
70117253 
70173  464 
70229  528 
70285  445 

70341  217 


62994 
62  809 
62  625 

62443 
62  260 

62  080 
61  900 
61  721 

61  544 
61  367 

61  191 
61  017 
60  844 
60  671 
60  499 

60  329 
60  159 
59  990 
59823 
59656 

59  490 
59  325 
59  161 
58998 
58836 

58675 

58514 
58  355 
58  196 
58039 

57  882 
57  725 
57  571 
57  4*6 
57263 


57  no 

56958 

56807 

56657 

56508 

56  358 

56211 

56064 

55  917 

+55  772 

•72099404 

•7215x761  +5  35/ 
•72203  987   3 
•72256083   52  096 
•72308048   51965 


•72359  884 
•72411  592 
•72463  171 
•72514623 
•72565  949 

•72617  148 
•72668  222 
•72719  171 
•72769  996 
•7282O  697 

•7287I  276 
•72921  732 
•72972  066 
•73022  279 
•73072  372 

•73122  345 
•73172  I98 
•73221  933 
•7327I  550 
•73321  048 

■73370  430 
•734I9696 
•73468  845 
•73517  879 

73566  799 

•73615  604 
•73664  296 
•73712  874 
•73761  340 
•73809  693 

•73857  935 
•73906  066 

•73954  087 
•74001  998 
•74049  799 

•74097491 
•74145  075 
•74192  550 
■74239919 
•74287  180 

•74334  335 
■74381  384 
•74428327 
•74475  165 


51  708 
5i  579 
5i  452 
5i  326 
51  J99 

5i  074 
50  949 
50825 
50  701 
50  579 

50456 
50  334 
5°  213 
50093 

49  973 

49853 

49  735 
49617 
49  498 
49  382 

49  266 

49  149 
49034 
48  920 
48805 

48  692 

48  578 
48466 

48  353 
48  242 

48  131 
48  021 

47  911 
47  801 
47692 

47  584 
47  475 
47  369 
47  261 

47  155 

47049 

46  943 
46838 

46  734 


•74521  899  +  %g* 

•74568  528 


759i8  273 

75962  822+44  54y 

76007273  tt:" 

76051628  44  355 
76095  886  44  258 

76140  049 
76184  116 
76228  089 
76271  967 

76315  75i 

76359  441 
76403  038 

76446  542 
76489  954 

76533  274 

76576  502 
76619  639 
76662  685 
76705  640 
76748  506 

76791  282 
76833  969 
76876  567 
76919  076 
76961  498 

77003  831 
77046  078 
77088  237 
77130  310 
77172  297 

77214  198 
77256014 
77297  744 

77339  390 
77380951 

77422  428 
77463  822 
77505  132 
77546  359 
775»7  504 

77628  566 
77669  546 
77710444 
77751  261 
77791  997 


77832  653 
77873  228 

77913  723 
77954  138 


44067 

43  973 

43  878 

43  784 
43690 

43  597 
43  504 
43  412 
43  320 
43228 

43  137 
43046 

42  955 
42  866 

42  776 

42  687 

42598 

42509 
42  422 

42  333 

42247 

42  159 
42073 
41  987 
41  901 

41  816 

41  730 
41  646 
41  561 

4*477 

41394 
41  310 

41  227 

41  *45 
41  062 

40  980 
40898 
40  817 
40736 
40656 


40  575 
40  495 
404*5 

77994  473  +fQ  \\l 
•78034  732 


(0 


TABLE   II.     LogGj 

,(0)       £  ^,(i) 
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p  =  -00  to  -50 

(i4-a2-2acosS)-£  =  (i-a2rf(£G*  '+SG,  a'cosiS),     £  =  a2-(i-a2).     j=a    f-  =  4to7 


•OO 
■OI 
•02 

•03 
•04 

•05 
•06 
•07 
•OS 
•09 

•IO 
•II 
•12 

•13 
•I4 

•15 
•16 

•17 
•IO 
•19 

•20 
•21 
•22 
•23 
•24 

•25 
•26 

•27 
•28 
•29 

•30 
•31 
•32 
•33 
•34 

•35 
•36 

"32 

•38 

•39 

•40 
•41 
•42 
•43 
•44 

•45 
•46 

'4Z 
•48 

•49 
•50 


%  =  4 


192I^°Ia+65  028 

•69278  086 +4796 

•69342  882 


•69407  449 
•69471  7»7 

•69535  900 
•69599  789 
•69663  456 
•69726  901 
•69790  128 

•69853  138 
•69915  932 

•69978  5J3 
•70040  881 
•70103  039 

•70164  988 
•70226  729 
•70288  265 
•7°349  596 
•70410725 

•70471  653 
•70532  381 
•70592  911 

•70653  244 
•70713 381 

•70773  325 
•70833  076 
•70892  636 
•70952  006 
•71011  188 

•71070  183 
•71128  992 
•71187  617 
•71246  058 
•71304  318 

•71362  396 
•71420  296 
•71478  017 
•7!535  562 
•71592  931 

•71650  125 
•71707  146 

•7 1 763  995 
•71820  672 
•71877  180 

•71933  519 
•71989  691 
•72045  696 
•72101  535 
•72157  210 


64567 
64  338 
64  113 

63  889 
63  667 

63  445 
63  227 
63  010 

62  794 
62  581 
62  368 
62  158 
61  949 

61  741 
61  536 

61  331 
61  129 
60  928 

60728 
60  530 
60333 
60  137 
59  944 

59  751 
59  56o 
59  370 
59  182 

58  995 

58809 
58625 

58441 
58  260 
58078 

57900 

57  721 
57  545 
57  369 
57  194 

57  021 
56  849 
56677 
56508 
56  339 

56  172 
56  005 
55  839 
55  675 
55  512 


•722I2  722  +55350 


73352  326  05 

7340653I  ?„.? 

7346O  572 

735M450 
73568  167 


54041 
53  878 

53  717 
53  557 


73621  724 
73675  122 
73728  362 
7378i  445 
73834  372 

73887  144 
73939  762 
73992  228 

74044  542 
74096  705 

74148  718 
74200  582 
74252  299 
74303  869 

74355  294 

74406  573 

74457  7°8 
74508  701 

74559  551 
74610  260 

74660  829 
74711  258 
7476i  549 
7481 1  702 
74861  719 

7491 1  599 
74961  344 

75010955 
75060  432 
75109  777 

75^8  990 
75208  071 
75257023 
75305  845 
75354  538 

75403  103 
75451  541 
75499  853 
75548  039 
75596  100 

75644  037 
75691  850 

75739  54° 
75787  IQ9 
75834  556 


i  =  6 


53  398 
53240 
53083 

52927 
52772 

52  618 
52  466 

52314 
52  163 
52013 

51  864 

51  7i7 
51570 
5M25 
51  279 

5i  135 
50  993 
50  850 
50709 
50569 

50429 
5°  291 

50153 
50  017 
49880 

49  745 
49  611 

49  477 
49  345 
49213 

49  081 

48952 
48822 
48693 
48565 

48438 
48  312 
48  186 
48  061 
47  937 

47  8i3 
47  690 
47  569 
47  447 
47  326 


76828  537+4647o 
76875007+4     4/ 

76921356  4634y 

76967584  Je  io7 
45  988 


77013  691 


•75881  882  +4?  2o6 


77059  679 
77IQ5  548 
77151  298 
77196932 
77242  448 

77287  849 
77333  134 
77378  305 
77423  362 
77468  305 

77513  136 
77557  855 
77602  463 
77646  960 
77691  346 

77735  624 
77779  793 
77823  853 
77867  806 
7791 1  652 

77955  392 
77999  026 
78042  555 
78085  980 
78129  300 

78172  517 
78215  631 
78258  643 

78301  553 
78344  362 

78387071 
78429  679 
78472  188 
78514598 
78556  909 

78599  123 
78641  239 
78683  258 
78725  181 
78767  008 

78808  739 
78850  376 
78891  918 
78933  366 
78974  721 


45  869 
45  750 
45  634 
45  5i6 
45  401 

45285 
45  171 
45  057 
44  943 
44831 

44  719 

44  608 

44  497 
44386 
44278 

44  l69 
44  060 

43  953 
43846 
43  740 

43634 
43  529 
43  425 
43  32o 

43  217 

43  114 

43  °12 
42  910 
42  809 
42  709 

42  608 

42  509 
42  410 
42  311 
42214 

42  116 

42  019 

41  923 

41  827 

41  73i 

41  637 
41  542 
41  448 

41  355 
41  262 

1  =  7 


•79824859+668 
•79865527     4*0573 

•79906 100  *) 480 
•79946580  j  «8 
•79986967  j0^ 


•79015  983  +4H69 


•80027  261 
•80067  463 
•80107  574 
•80147  593 
•80187  522 

•80227  360 
•80267  109 
•80306  768 
•80346  339 
•80385  821 

•80425  216 
•80464  523 
•80503  744 
•80542  878 
•80581 926 

•80620  888 
•80659  765 
•80698  558 
•80737  266 
•80775  891 

•80814  432 
•80852  890 
•80891  266 
•80929  560 
•80967  771 

•81005  902 
•81043  952 
•81081  921 
•81119  810 
•81157  619 

•8H95  349 
•81233  OOO 
•81270  572 
•81308  067 

•81345  483 

•81382  822 
•81420  084 

•81457  269 
•81494  378 

•8I531  4IQ 

•81568  367 
•81605  249 
■81642  056 
•81678  789 
•81715447 


40  202 
40  in 
40  019 
39929 
39838 

39  749 
39659 
39  571 
39  482 
39  395 

39  307 
39  221 

39  134 
39048 
38962 

38877 
38  793 
38708 
38625 

38  541 

38  458 
38376 
38  294 
38  211 

38  131 

38  050 
37  969 
37  889 
37  809 
37  730 

37651 
37  572 
37  495 
37  4J6 
37  339 

37  262 
37  l85 
37  IQ9 
37032 
36  957 

36882 
36  807 

36  733 
36658 

36584 


!i752  03i+365II 
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TABLE   II.     LogGj 

(i+a2-2acosS)-4=(i-a2)-2(|G|  +  E  G|  a'cost'S),     £  =  a2-(i-a2 


p  =  -50  to  100 

3 
2  J 


s  =  |,  1  =  4  to  7 


j  =  4 


•5° 
•5i 
•52 
•53 

•54 

•55 
•56 
•57 
•58 
•59 

•60 
•61 
•62 

•63 
•64 

•65 
•66 
•67 
•68 
•69 

•70 
•71 
•72 
•73 
•74 

•75 
•76 

'7Z 

•78 

•79 

•80 
•81 
•82 

■§3 

•84 

15 
•86 

•87 
•88 
•89 

•90 
•91 
•92 
•93 

•94 

•95 
•96 

•97 
•98 

■99 

i-oo 


72212722 

72268  072+55  350 

72323  260   33 
7^378  288   55  028 

72433  157 

72487  868 
72542  422 
72596  819 
72651  062 
72705  150 

72759085 
72812  868 
72866  499 
72919  981 
72973  3J2 

73026  495 

73079  531 
73132  420 
73185  163 
73237  761 

73290  215 
73342  526 

73394  694 
73446721 
73498  608 

73550  354 
73601  961 

73653  43i 
73704  762 
73755  958 

73807017 

73857  941 
73908731 

73959  388 
74009  912 

74060  304 
741 10  565 
74160  695 
74210  695 
74260  567 

74310  310 
74359  926 
74409  414 

74458  777 
74508  014 

74557  126 
74606  114 
74654  979 
74703  721 
74752  341 


54  7ii 

54  554 
54  397 
54  243 
54088 

53  935 

53  783 
53  03I 
53  482 

53  331 
53183 

53036 
52  889 
52  743 
52  598 
52  454 

52  311 
52  168 

52  027 
51887 
5i  746 

51  607 
5M7o 

5i  33i 
51  196 
5i  059 

50924 
50790 
50657 

50524 
50392 

50  261 

5°  !30 

50  000 

49872 

49  743 

49  616 
49488 
49  363 
49  237 
49  112 

48988 
48865 
48742 
48  620 
48498 


*  =  5 


•74800  839  +48378 


^  ^47  206 

75976  175     4lg679 
76023144     \6l5l 


76069  994 

76116  727 
76163  343 
76209  844 
76256  229 
76302  499 

76348  655 
76394  698 
76440  628 
76486  445 
76532  151 

76577  746 
76623  231 
76668  606 
76713  871 
76759  028 

76804  077 
76849  018 

76893  853 
76938  581 
76983  203 

77027  721 
77072  133 
77116441 
77160  646 
77204  748 

77248  747 
77292  644 
77336440 
7738o  135 
77423  729 

77467  223 
77510  618 

77553  9M 
77597  112 
77640  212 

77683  214 
77726 119 
77768  928 
77811  641 
77854  258 

77896  780 
77939  208 
77981  541 
78023  781 
78065  927 


46733 

46  616 
46  501 

46385 
46  270 

46  156 

46043 
45  930 
45817 
45  706 
45  595 

45  485 
45  375 
45265 

45  157 
45049 

44941 

44  835 
44  728 
44  622 
44  5i8 

44412 
44308 
44205 
44  102 
43  999 

43  897 
43  796 
43  695 
43  594 
43  494 

43  395 
43  296 
43  198 
43  100 
43002 

42905 
42  809 

42  713 
42  617 
42522 

42  428 

42  333 
42  240 
42  146 
42054 


.78107  981 +4Ig6l 


i  =  6 


79015  si  +41 169 
41 078 


79057 
79098  230 
79139  215 

79180  no 

79220  914 
79261  628 
79302  252 
79342  786 
79383  232 

79423  590 

79463  860 
79504  042 

79544  137 
79584  145 

79624  067 
79663  904 
79703  654 
79743  320 
79782  902 

79822  399 
79861  812 
79901  143 
7994°  39o 
79979  554 

80018  636 
80057  637 
80096  556 
80135  394 
80174  J52 

80212  829 
80251  426 
80289  944 
80328  383 
80366  742 

80405  024 
80443  227 
80481  353 
80519  401 

80557  372 

80595  266 
80633  084 
80670  826 
80708  492 
80746  083 

80783  599 
80821  040 
80858  407 
80895  7°o 
80932  919 

•80970  065 


40985 
40895 
40  804 

40714 
40  624 

40  534 

40  446 

40  358 


40  270 
40  182 
40095 
40  008 
39  922 


39837 
39  750 
39  666 
39  582 
39  497 

39  4*3 
39  331 
39  247 
39  164 
39082 

39  001 
38919 
38838 
38  758 
38677 

38  597 
38518 
38  439 
38  359 

38282 

38203 
38  126 
38048 
37  971 
37  894 

37818 
37  742 
37  666 
37  591 
37  516 

37  441 
37  367 
37  293 
37  219 
37  M6 

+  37  073 


*  =  7 


81752  031   6 
81788  542 +36  5ii 

?i??4  979  Hm 
36  292 
36  221 


81861  344 
81897  636 


81933857 
81970  005 

82006  082 

82042  087 

82078  022 

82113  886 
82149  680 
82185  4°4 
82221  058 
82256  644 

82292  160 
82327  607 
82362  986 
82398  297 
82433  54° 

82468  716 
82503  824 
82538  866 

82573  841 
82608  750 

82643  592 
82678  369 
82713  080 
82747  726 
82782  308 

82816824 
82851  276 
82885  664 
82919988 
82954  249 

82988  446 
83022  580 
83056  652 
83090  661 
83124  607 

83158492 
83192  315 
83226  076 

83259  777 
83293416 

83326  994 
83360  512 

83393  97° 
83427  368 
83460  706 

•83493  984 


36  148 
36077 
36005 

35  935 
35864 

35  794 
35  724 
35  654 
35  586 
35  516 

35  447 
35  379 
35  3" 
35  243 
35  176 

35  108 
35042 

34  975 
34  909 
34842 

34  777 
34  7ii 
34646 

34  582 
34  516 

34  452 
34  388 

34  324 
34  261 

34  197 

34  134 

34  072 
34009 
33  946 
33  885 

33823 
33  76i 
33  701 
33  639 
33  578 

33  5i8 

33  458 
33  398 
33  338 
33278 

+  33  219 


.<•) 


TABLE   II.     LogGj 

(i+a2-2acosS)-t=(i-a2)-£(£G|  +  %G\  VcosiS),     £  =  a2-(i-a2). 


95 


p  =  100  to  1-50 

s  =  |,  i  =  4  to  7 


*  =  4 


i-oo 

I-OI 
1-02 

1-03 
I -04 

I -05 

1-06 
1-07 
1-08 
1-09 

I'lO 

I'll 

I'I2 

1-14 

i-i5 
1-16 

I'I7 
I'lO 

1-19 

1-20 
I'2I 
1-22 
1-23 

1-24 
1-25 

1-26 
1-27 
1-28 
1-29 

I-30 

1-31 

1-32 

i-33 
i-34 

i-35 
i-36 

i-37 
1-38 

i-39 

1-40 
1-41 
1-42 

i-43 
1-44 

i-45 

1 
1 
1 
1 


■46 

'47 
■48 

■49 


74800  839       8      8 
74849217+4    37 

74897  474       8l 
74945  612     J3 

74993  632  4 


75041  533 
75089  316 
75136983 
75184533 
75231  968 

75279  287 
75326  492 

75373  583 
75420  561 

75467  426 

75514  179 
75560  820 
75607  35i 
75653  77i 
75700  081 

75746  282 
75792  374 
75838  358 
75884  234 
75930  004 

75975  666 
76021  223 
76066  674 
761 12  020 
76157  261 

76202  399 
76247  433 
76292  364 

76337  193 
76381  920 

76426  546 
76471  070 
76515  494 
76559  819 
76604  043 

76648  169 
76692  196 
76736 125 

76779  957 
76823  692 

76867  330 
76910  871 

76954  317 
76997  668 
77040  924 


47  783 
47667 

47  550 
47  435 
47  319 

47205 
47091 
46978 
46865 
46  753 

46  641 

46531 
46  420 
46  310 
46  201 

46  092 

45  984 
45  876 

45  77° 
45662 

45  557 
45  451 
45  346 
45241 
45  138 

45034 
44  931 
44829 

44  727 
44  626 

44  524 
44  424 
44  325 
44  224 
44  126 

44  027 
43  929 
43  832 
43  735 
43  638 

43  541 
43  446 
43  351 
43  256 
43  161 


1-50 


•77084  085 +43o6y 


7^33  590   4  // 
78275  277    T  b*l 


78316873 
78358  380 
78399  796 
78441  124 
78482  362 

78523  512 
78564  573 
78605  548 
78646  435 
78687  235 

78727  949 
78768  577 
78809  119 

78849  576 
78889  948 

78930  236 

78970  440 
79010  560 
79050  596 
79090  550 

79130  422 
79170  211 
79209  918 
79249  544 
79289  089 

79328  553 

79367  937 
79407  241 

79446  465 
79485  610 

79524  675 
79563  663 
79602  572 
79641  403 
79680  157 

79718  833 
79757  432 
79795  955 
79834  402 
79872  773 

79911  068 
79949  288 
79987  433 
80025  5°3 
80063  499 


41  596 

41  507 
41  416 
41  328 
41  238 
41  150 

41  062 

40  974 
40887 
40  800 
40714 

40  628 
40542 
40  457 
40  372 
40288 

40  204 
40  120 
40  036 

39  954 
39872 

39  789 
39  707 
39  626 

39  545 
39  464 

39  384 
39  304 
39224 

39  145 
39065 

38988 

38909 
38831 

38  754 
38676 

38  599 
38523 
38  447 
38371 
38295 

38  220 

38  145 
38  070 
37  996 
37  922 


•8oioi42i+37848 


80970  065 
81007  138 
81044  138 
81081  066 
81117  922 

81 154  706 
81191  418 
81228  060 
81264  630 
81301  130 

8i337  56o 
81373  920 
81410  210 
81446  431 
81482583 

81518666 
81554  680 
81590  626 
81626  505 
81662  316 

81698  059 

8i733  735 
81769  345 
81804  888 
81840  365 

81875  776 
81911  121 
81946  401 
81981  615 
82016  765 

82051  850 
82086  871 
82121  827 
82156  720 
82191  549 

82226  315 
82261  018 
82295  658 
82330  235 
82364  750 

82399  203 

82433  594 
82467  924 
82502  192 
82536  399 

82570  545 
82604  631 
82638  656 
82672  621 
82706  526 


-37073 
37  000 
36  928 
36856 
36784 

36  712 
36  642 

36570 
36500 

36430 

36  360 
36  290 
36  221 

36  152 
36083 

36  014 

35  946 
35  879 
35  811 

35  743 

35676 
35  610 
35  543 
35  477 
35  4" 

35  345 
35280 

35214 
35  150 
35085 

35021 
34  956 
34  893 
34829 
34  766 

34  703 
34640 
34  577 
34  515 
34  453 

34  391 
34  330 
34268 
34207 
34M6 

34  086 
34  025 
33  965 
33  905 
33  845 


83493984  +o,2IQ 
83527203+33219 

83560363  33  60 
83593  465  33io2 
83626507  33  042 


•82740  37i  +33  786 


83659  492 
83692  418 
83725  286 
83758  097 
83790  850 

83823  546 
83856  185 
83888  767 
83921  293 
83953  762 

83986  175 
84018  532 
84050  834 
84083  080 
84115  271 

84147407 
84179488 
84211  515 

84243  487 
84275  405 

84307  268 
84339  079 
84370  835 
84402  538 
84434  188 

84465  785 
84497  329 
84528821 
84560  260 
84591  647 

84622  981 
84654  264 
84685  496 
84716  676 
84747  804 

84778  882 
84809  909 
84840  885 
84871  810 
84902  685 

84933  5io 
84964  285 
84995  010 
85025  686 
85056312 


32  926 
32  868 
32  811 

32  753 
32696 

32639 
32582 
32  526 
32469 
32413 

32  357 
32302 
32  246 
32  191 
32  136 

32  081 
32  027 

31  972 
31  918 
31863 

31  811 
3i  756 
3i  7°3 
31  650 

3i  597 

3i  544 
31  492 
3M39 
3i  387 
3i  334 

31  283 
31  232 
31  180 
31  128 
31078 

31  027 
30976 
30925 
30875 
30825 

30  775 
30725 
3°  676 
30  626 

30  577 


•85086  889  +3Q  528 
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TABLE   II.    LogGj 


(•) 


p  =  l-50  to  200 


(i4-a»-2«xcosS)-*=(i-«T*(iGk  +2G|  oc'cosiS),     £  =  a2-(i-oc2).  -    f-4to7 


£ 


1-50 

i-5i 
i-52 
i-53 
i-54 

i-55 

i-56 

i-57 
i-58 

i-59 
i-6o 


%  =  4 


=  5 


6i 
62 

■63 
■64 

•65 
•66 
•67 
•68 
•69 


1-70 
1-71 
1-72 

i-73 
1-74 

i-75 

1-76 
1-77 
1-78 
179 


80 
1 

82 

84 

85 
86 

87 
88 
89 

90 
•91 
•92 

■93 

■94 


1-95 
1-96 
1-97 
1-98 
1-99 


2-00 


77084  085  q6 

77170 126  j2g^ 

42  788 
42  696 


•77213  007 
•77255  795 


•77298491 

•77341  °95 
•77383  608 
•77426  029 
■77468  360 

•77510  601 
•77552  752 
•77594814 
•77636  786 
•77678  671 

•77720  467 
•77762  175 
•77803  796 
•77845  330 
•77886  777 

•77928  138 

•77969413 
•78010  603 
•78051  708 
•78092  728 

•78133  664 

•78174  5i5 
•78215  284 
•78255  969 
•78296571 

•78337  °9Q 
•78377  527 
•78417883 

•78458  157 
•78498  349 

•78538462 
•78578  493 
•78618  445 
•78658316 
•78698  109 

•78737  822 

•78777  457 
•78817  013 
•78856  491 
•78895  891 

•78935  214 

•78974  460 
•79013  629 
•79052  721 
•79091  737 


42  604 

42  513 
42  421 

42  331 
42  241 

42  151 
42  062 
41  972 

41  885 
41  796 


41  708 

41  621 

41  534 

41  447 

41  361 

41  275 

41  190 

41  105 

41  020 

40936 

40851 

40  769 

40685 

40  602 

4°5!9 

40  437 

40356 

40274 

40  192 

40  113 

40  031 

39952 
39871 

39  793 
39  7x3 

39  635 
39  556 
39  478 
39400 

39  323 

39246 
39  169 
39  092 
39  OI6 
38  941 


•80101  421     g  8 
■80139269^'  * 
•80177044  |7  775 
•80214  746  y7  £2g 


•79130  678 +38865 


•80252  375 

■80289  932 
•80327  416 
•80364  829 
•80402  170 
•80439  439 

■80476  638 
•80513  766 
•80550  824 
•80587  811 
•80624  729 

•80661  577 
•80698  356 
•80735  066 
•80771  707 
•80808  280 

•80844  784 
•80881  221 
•80917  589 
•80953  891 
•80990  125 

•81026  293 
•81062  394 
•81098  429 
•81134398 
•81170  301 

•81206  138 
•81241  910 
•81277  617 
•81313  260 
•81348  838 

•81384  351 
•81419  801 
•81455  187 
•81490  510 
•81525  769 

•81560965 
•81596  098 
•81631  169 
•81666  178 
•81701  124 

•81736  009 
•81770832 
•81805  594 
•81840  295 
•81874935 

•81909  514 


37  557 

37  484 
37  413 
37  341 
37  269 
37  J99 

37128 
37058 

36987 
36918 
36848 

36  779 
36  710 
36  641 
36  573 
36504 

36  437 
36368 

36302 
36234 
36  168 

36  101 
36035 
35  969 
35  903 
35  837 

35  772 
35  707 
35  643 
35  578 
35  5*3 

35  450 
35  386 
35  323 
35  259 
35  196 

35  133 
35071 
35  009 
34  946 
34885 

34823 
34  762 
34  7oi 
34640 
34  579 

+  34  519 


•82740  371  +    86 

•82774  157   „  27 

•82807  884 
•82841  551 


•82875  160 

•82908  710 
•82942  202 

•82975  636 

•83009  on 

•83042  329 
•83075  590 

•83108  793 
•83141  939 
•83175  029 
•83208  061 

•83241  038 

•83273  958 
•83306  822 
•83339  630 
•83372  383 

•83405  080 
•83437  722 
•83470  3°9 
•83502  842 

•83535  320 

•83567  743 
•83600  113 
•83632  428 
•83664  689 
•83696  897 

•83729052 

•83761  153 
•83793  202 
•83825  197 
•83857  14° 

•83889  030 
•83920  869 
•83952  655 
•83984  389 
•84016  071 

•84047  702 
•84079  281 
•84110  810 
•84142  287 
•84173  713 

•84205  089 
•84236  415 
•84267  690 
•84298915 
•84330  090 


33  667 
33609 


33  55° 

33  492 
33  434 
33  375 
33  3i8 
33261 

33  203 
33  H6 
33  090 
33  032 
32  977 

32  920 
32  864 
32  808 

32  753 
32697 


1  =  7 


\2 

642 

587 

3^ 

*2 

533 

32 

478 

32 

423 

32 

370 

32  315 

32 

261 

32 

208 

32 

155 

32 

IOI 

32 

049 

31 

995 

31 

943 

31 

890 

\1 

839 

31 

786 

31 

734 

•u 

682 

31 

631 

31579 

31  529 
3M77 
31  426 

31376 

31  326 
31  275 
31  225 
31  175 
31  125 


85086889      8 
85117  417  ~„  ~_„ 


■85117417 
•85147  896 
•85178  326 

•85208  707 


•84361 215  +3I  0?6 


•85239041 

•85269  326 
•85299  562 

•85329  751 
•85359  892 

•85389  986 
•85420  032 
•85450031 

•85479  983 
•85509  888 

•85539  746 
•85569  557 
•85599  322 
•85629  041 
•85658  713 

•85688  340 
•85717 921 
•85747  456 
•85776  946 
•85806  390 

•85835  789 
•85865  144 

•85894  453 
•85923  7J7 
•85952  937 

•85982  113 
•8601 1  244 
•86040  331 
•86069  374 
•86098  374 

•86127  329 
•86156  241 
•86185  no 
•86213935 
•86242  717 

•86271  456 
•86300  152 
•86328  806 
•86357416 
•86385  985 

•86414  511 
•86442  995 

•8647M36  28400 
•86499836  283*58 
•86528194  28317 

•86556  5ii+28275 


30  479 
30430 
30  381 
30  334 

30  285 
30236 
30  189 
30  141 
30  094 

30  046 
29999 
29952 
29905 
29858 

29  811 

29765 
29719 
29  672 
29  627 

29  581 

29  535 
29490 

29  444 
29399 

29  355 
29  309 
29  264 
29  220 
29  176 

29  131 
29  087 

29043 
29  000 

28955 

28  912 

28869 
28825 
28  782 
28  739 

28696 
28  654 
28610 
28569 
28526 

28484 
28  441 


TABLE    II.     LogG^ 


(0 


(0) 


(i+a2-2acos5)-t=(i_a2)-|(^G|  +  S  G|  a'cos*5),     p  =  n?~{\ 
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p  =  200  to  2-50 

s  =  f,  i'  =  4  to  7 


%  =  4 


2-00 
2-OI 
2-02 
2-03 
2-04 

2-05 

2-06 

2-07 
2-O0 
2-Og 

2-IO 
2-II 
2-12 
2-13 
2-14 

2-15 

2-16 
2-17 
2-18 
2-19 

2-20 
2-21 
2-22 
2-23 
2-24 

2-25 
2-26 
2-27 
2-28 
2-29 

2-30 
2-31 
2-32 

2-33 
2-34 

2-35 
2-36 

2-37 
2-38 

2-39 

2-40 
2-41 
2-42 

2-43 
2-44 


45 
46 

47 
48 

49 


79130678       8  g6 

79169  543  +  3J  7^ 
79208  333 
79247  048 
79285  688 


38715 
38  640 

38566 


79324  254  38492 

79362746  38*yIQ 

79401  165  38  419 

79439  510  |g|« 


79477  782 


38  199 


79515  98i  ,8l27 

79554io8  38  127 

79592  162  \      l\ 

79630  145  \L   Qrf 
79668  O56 


79705  895 

79743  664 
79781  362 
79818989 
79856  546 

79894  033 
79931  45o 
79968  798 
80006  077 
80043  287 


37  839 

37  769 

37  698 
37627 
37  557 
37  487 

37  417 
37  348 
37  279 
37210 

37  Mi 


80080428 
80117501  37  073 
80154506  37005 
80191  443 
80228  312 


36  937 
36869 
36  802 


80265  114  ,fi7« 

p3»  in 

80375  119 
804 1 1 654 


36535 
36469 


80448 123 
80484  527 
80520  865 
80557  137 
80593  345 
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89301  812 
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89428  338 
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89629  018 
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23  309 
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1-48627  769 
1-48863  472 
1-49098  341 
1-49332  3«3 
I-49565  603 

1-49798  008 
1-50029  602 
1-50260  390 
1-50490  380 
I-507I9  575 

1-50947982 
1-51175605 
1-51402  451 
1-51628  523 
1-51853828 

1-52078  370 
1-52302  154 
1-52525  186 
1-52747  470 
1-52969  on 

1-53189  815 
1-53409  886 
1-53629  228 
1-53847847 
1-54065  747 

1-54282  932 
1-54499408 

I-547I5  179 
1-54930249 
1-55144624 

i-55358  3o6 


+  253  671 
252  710 

251  754 
250  808 
249  866 

248  932 
248  006 
247  085 
246  172 
245  264 

244  364 

243  47o 
242  582 
241  701 
240  825 

239  957 
239  094 
238  237 
237  386 
236542 

235  703 
234  869 

234  042 
233  220 
232  405 

231  594 
230  788 
229  990 
229  195 
228  407 

227  623 
226  846 
226  072 
225  305 
224  542 

223  784 
223032 
222  284 
221  541 
220  804 

220  071 
219342 
218  619 
217  900 
217  185 

216  476 
215  771 
215  070 

214  375 
213  682 

+  212  995 


io6 


TABLE    III. 


LogG6 


(i  +a2—  2acos5)~  -=  (i  • 


-a2)-*(!-G(60)+  S  Gf  afcosiS),    p  =  <x.2- 


p  =  l-50  to  200 
s  =  A  ,i  =  Q  to  3 


3   =  2 


•50 
■51 
•52 
•53 
•54 

•55 
•56 

'5Z 
•58 

•59 

•60 
■61 
•62 

•63 

•64 

•65 
•66 
•67 
•68 
•69 

•70 
•71 
•72 
•73 
•74 

•75 
•76 
.7- 

•78 
•79 

■80 
•81 
•82 

I3 

•84 

•86 
•87 
•88 
•89 

•90 
•91 
•92 
•93 
•94 

•95 
•96 

•97 
•98 

•99 

2-00 


1-27843231  g 

1-28173  083  +112  °52 
1-28501  251  32?  I08 
i-2858277io         6  499 

I-29I52  5QQ       •>    t      ^ 

y  o    jyy     323  2I5 

1-29475  814 
1-29797411 
1-30117  408 

I-30435  819 
1-30752  661 

1-31067950 
1-31381  700 
1-31693  928 
1-32004  647 
1-32313  872 

1-32621  618 
1-32927  900 
1-33232  73o 
1-33536  124 
1-33838094 

1-34138654 
1-34437818 

1-34735  597 
1-35032007 

1-35327058 

1-35620763 

I-359I3  135 
1-36204  187 

I-36493  929 
1-36782  374 

i-37o69  533 
I-37355  4I8 
1-37640  041 
I-37923  412 
1-38205  543 

1-38486  444 
1-38766  126 
1-39044  601 
1-39321  878 
I-39597  967 


321  597 

319  997 
318  411 
316842 

315289 

3i3  75° 
312  228 

310  719 
309  225 
307  746 

306  282 
304  830 

3°3  394 
301  970 
300  560 

299  164 

297  779 
296  410 
295  051 
293  705 

292  372 
291  052 
289  742 
288  445 
287  159 

285  885 
284  623 

283371 
282  131 
280  901 

279  682 
278  475 
277  277 
276  089 

274  913 

1-39872  880 

1-40146  626 
1-40419  215 
1-40690  657 
1-40960  961 

1-41230  138 
1-41498  196 

1-41765  145 

1-42030  994 
1-42295  753 


273  746 
272  589 
271  442 
270  304 
269  177 

268  058 
266  949 
265  849 
264  759 
263  677 


1-38193 

I-38473 
1-38752 
1-39030 
1-39306 

1-39582 
1-39856 
1-40129 
1-40401 
1-40672 


I7,9  + 
382  + 

380 

181 

796 

236 
5io 
628 
601 
437 


40942  146 
41210  738 
41478  221 
•41744  606 
42009  900 


1-42274113 

1-42537254 
1-42799332 
1-43060  354 
1-43320330 

1-43579  268 

1-43837  176 
1-44094  063 

I-44349  936 
1-44604  803 

1-44858  673 
I-451"  553 
I-45363  45I 
i-456i4  375 
1-45864331 

1-46113  328 
1-46361  373 
1-46608  473 
1-46854  635 
1-47099  867 

1-47344  175 
1-47587567 
1-47830  049 
1-48071  628 
1-48312311 

1-48552  105 
1-48791  016 
1-49029  050 
1-49266  215 
1-49502  5l6 

1-49737  959 
1-49972  552 
1-50206  299 
1-50439  208 
1-50671  284 


280  203 
278  998 
277  801 
276  615 
275  44° 

274  274 
273  118 
271  973 
270  836 
269  709 

268  592 

267  483 
266  385 
265  294 
264  213 

263  141 
262  078 
261  022 
259  976 
258  938 

257  908 
256887 

255  873 
254  867 

253  870 

252  880 
251  898 
250  924 
249  956 
248  997 

248  045 
247  100 
246  162 
245  232 
244  308 

243  392 

242  482 

241  579 
240  683 

239  794 

238  911 
238  034 
237  165 
236301 

235  443 

234  593 
233  747 
232  909 
232  076 
231  249 


1-47287 
1-47529 
1-47771 
1-48012 
1-48251 

1-48490 
1-48728 
1-48965 
1-49201 
J-49437 

1-49671 
1-49905 
1-50138 
1-50370 
1-50601 

1-50832 
1-51062 
1-51290 
1-51518 
1-51746 

1-51972 
1-52198 
1-52423 
1-52647 
1-52870 


02^+242389 

421   241  495> 
j~l       24O  608 

£?  23*9  728 
757  238853 

610 

595 

7^8 
986 

4°4 

979 
716 
623 

703 
964 

410 
049 

8§4 

923 
169 

630 
310 

214 

34« 
718 


I-53093  327 
I-533I5  182 
1-53536287 
1-53756648 
I-53976  269 

I-54J95  x56 
i-544I3  3I3 
1-54630  745 

I-54847  456 
1-55063  453 

1-55278  738 
1-55493  3 18 
I-55707  196 
1-55920377 
1-56132  865 

1 -56344  666 
I-56555  783 
1-56766  221 

I-56975  984 
1-57185077 

I-57393  503 
1-57601  268 
1-57808374 
1-58014  827 
1-58220  630 


237  985 

237  123 
236  268 
235  4J8 
234  575 

233  737 
232  907 
232  080 
231  261 
230  446 

229  639 
228  835 
228  039 
227  246 
226  461 

225  680 

224  904 

224  134 
223  370 
222  609 

221  855 
221  105 
220  361 
219  621 
218887 

218  157 
217432 
216  711 

215  997 
215285 

214  580 
213878 
213  181 
212  488 

211  801 

211  117 

210  438 
209  763 
209  093 
208  426 

207  765 
207  106 
206  453 
205  803 
205  158 

•564] 

■5662^ 

56835 1 

57 

5  7 


16494 

26  116 

.077 

57043  380 

251  029 


55358  306 

5557i30i+2i2  til 
55783  613 
55995  246 
56206  205 


211 


1-42559  430 +2626o4 


1-50902533+230428 


1-58425  788 +2Q45l6 


57458  028 
57664  382 
57870  093 
58075  168 
58279  608 

58483  418 
58686  601 
58889  162 
59091  105 
59292  432 

59493  148 
59693  256 
59892  760 
60091  664 
60289  971 

60487  684 
60684  807 
60881  344 
61077  298 
61272  672 

61467  470 
61661  695 
61855  351 
62048  440 
62240  966 

62432  932 
62624  342 
62815  198 
63005  504 
63195  262 

63384  477 
63573  150 
63761  286 
63948  887 
64*35  955 

64322  495 
64508  509 

64693  999 
64878  969 
65063  422 


1-65247  361 


633 
210  959 
210  289 


209  622 
208  961 
208  303 
207  649 
206  999 

206  354 
205  711 
205  075 
204  440 
203  810 

203  183 
202  561 
201  943 
201  327 
200  716 

200  108 

99  504 
98  904 

98307 
97  7*3 

97  123 

96  537 
95  954 
95  374 
94  798 

94225 
93656 
93089 
92  526 
91  966 

91  410 
90  856 
90  306 
89  758 
89215 

88673 
88  136 
87601 
87068 
86540 

86  014 
85  490 
84970 
84  453 
83  939 

+  183427 


TABLE   III.     LogG 


<«') 


107 


(i+a2-2acosS)"^=(i-a2)~*(iG(50>+  2  G^  afcosiS),    p  =  v?- 


p  =  200to  2-50 


(i-a2).     *       . 


s  =  %,  i  =  0  to  3 


i  =  i 


2-00 
2-OI 
2-02 
2-03 
2-04 

2-05 

2-06 

2-07 

2-08 

2-09 

2-IO 
2-II 
2-12 
2-13 
2-I4 

2-15 
2-16 
2-17 
2-18 
2-19 

2-20 
2-21 
2-22 
2-23 
2-24 

2-25 
2-26 
2-27 
2-28 
2-29 

2-30 
2-3I 
2-32 

2-33 
2-34 

2-35 
2-36 

2-37 
2-38 

2-39 

2-40 
2-41 
2-42 
2-43 
2-44 

2-45 
2-46 
2-47 
2-48 
2-49 

2-50 


'42559  43o +2626 
•42822  034  T   6        I 

•43083574  3£$o 
43344059  259 138 
43603497  258  J99 

43861  896 
441 19  265 

44375  613 
44630  946 

44885  275 

•45138605 
•4539o  946 
•45642  304 
•45892  688 
•46142  106 

■46390  564 
•46638  070 
•46884  631 
•47130256 
•47374  95o 

•47618  721 
•47861  576 
•48103  522 
•48344  565 
•48584  713 

•48823  972 
•49062  349 
•49299  850 
•49536  481 
•49772  250 

•50007  162 
•50241  224 
•50474441 
•50706  820 
•50938  367 

•51 169  088 
•51398989 
•51628  076 
•51856354 
•52083  829 

•52310507 
•52536  393 
•52761  493 
•52985  813 
•53209  357 

•53432  133 
•53654  J43 
•53875  395 
•54095  893 

•54315  643 


1 -54534  049 


257  369 
256  348 

255  333 
254  329 
253  33o 

252  341 
251  358 
250  384 
249418 
248  458 

247  506 
246  561 
245  625 
244  694 
243  77i 

242  855 
241  946 
241  043 
240  148 
239  259 

238  377 
237501 
236  631 

235  769 
234912 

234  062 
233  217 
232  379 

231  547 
230  721 

229  901 
229  087 
228278 
227475 
226  678 

225  886 
225  100 
224  320 

223  544 
222  776 

222  010 

221  252 
220  498 
219  750 
219  006 

1-50902 
1-51132 

1-51362 

i-5!59i 
1-51819 

1-52046 
1-52272 
1-52498 
1-52723 
1-52947 


533+230428 

??I  229  6i3 
574  228803 

\''     228  000 
377  227  202 


579 
988 
610 

45i 
5i6 


1-53170  810 

J-53393  339 
1-53615  107 
1-53836  121 
1-54056384 

I-54275  904 
1-54494683 
1-54712  727 
1-54930042 
1-55146632 

I-55362  502 

I-55577  657 
1-55792  101 
1-56005  839 
1-56218  876 

1-56431  216 
1-56642  865 
1-56853  825 
1-57064  103 
I-57273  7°2 

1-57482  627 
1-57690  882 
1-57898471 
1-58105  399 
1-58311  669 

1-58517287 
1-58722  256 
1-58926  580 
1-59130263 
1-59333  309 


1-59535 
1-59737 
I-59938 
1-60139 
1-60339 

1-60538 
1-60737 
1-60935 
1-61132 
1-61329 


723 
508 
668 
207 
129 

136 
229 
720 
613 


226  409 

225  622 

224  841 

224  065 

223  294 

222  529 

221  768 

221  OI4 

220  263 

219  52O 

2l8  779 

2l8  O44 

217  315 

2l6  590 

215  87O 

215  155 

214444 

213  738 

213037 

212  34O 

211  649 

2IO  960 

2IO  278 

209  599 

208  925 

208  255 

207  589 

2o6  928 

206  27O 

205  6l8 

204  969 

204  324 

203  683 

203  046 

202  414 

20I  785 

20I  160 

200  539 

199  922 

199  308 

I98  699 

I98  O93 

I97  49I 

I96  893 

+  I96297 

1-61525910 


1-58425788     6 

1-58630  304+204  510 

1-58834183    ™ll79c 

j       o-t        j       203  245 

I-59037  428  3    « 

1-59240043     2oIQQO 


1-59442  033 

I-59643  4°o 
1-59844  150 
1-60044  285 
1-60243  810 

1-60442  727 
1-60641  041 
1-60838  756 
1-61035  874 
1-61232  400 

1-61428  337 
1-61623  689 
1-61818  459 
1-62012  650 
1-62206  266 

1-62399  310 
1-62591  786 
1-62783  697 
1-62975  046 
1-63165  837 

1-63356072 
1-63545  755 
I-63734  890 
1-63923479 
1-64111  525 

1-64299  032 
1-64486  002 
1-64672  440 
1-64858347 
1-65043  726 

1-65228  581 
1-65412  915 

1-65596  73i 
1-65780  030 
1-65962  818 

1-66145  095 
1-66326  867 
1-66508  135 
1-66688901 
1-66869  168 

1-67048  939 
1-67228  216 
1-67407  002 
1-67585  299 
1-67763  in 

1-67940439 


201  367 
200  750 
200  135 

99  525 
98917 

98314 
97  715 
97  "8 
96  526 
95  937 

95  352 

94770 

94  191 
93  616 

93044 

92  476 
91  911 

91  349 
90791 
90235 

89683 

89  135 

88589 
88046 

87507 

86  970 
86438 
85  907 
85  379 
84855 

84  334 
83  816 

83  299 

82  788 
82  277 


+ 


81  772 
81  268 
80766 
80  267 
79771 


79277 
78786 
78  297 
77  812 
77  328 


65978  027 


66159435 
66340  346 
66520  761 
66700  684 
66880 117 

67059  063 
67237524 

674*5  5°4 
67593  004 
67770  027 

67946  576 
68122  653 
68298  260 
68473  401 
68648  078 

68822  292 
68996  047 
69169  344 
69342  187 
695M577 

69686518 
69858  010 
70029  057 
70199  660 
70369  823 

70539  547 
70708  834 
70877  688 
71046  109 
71214  100 

71381  663 
71548  801 
7i7i5  5i6 
71881  809 
72047  683 

72213  140 
72378  182 
72542  811 
72707  029 
72870  838 

73034  240 

73197  237 
73359  831 
73522  025 


81  408 


180  911 
180  415 
179923 

J79  433 
178  946 

178  461 
177  980 
177  500 
177  023 
176  549 

176  077 
175  607 

175  H1 
174  677 
174  214 

173  755 
173  297 
172  843 
172  390 
171  941 

171  492 
171  047 
170  603 
170  163 
169  724 

169  287 
168  854 
168  421 
167  991 
167  563 

167  138 

166  715 
166  293 
165  874 
J65  457 

165  042 
164  629 
164  218 
163  809 
163  402 

162  997 
162  594 
162  194 
161 


73683  8!9+^g0 
1-73845217 


5-2 


io8 


TABLE   III. 


T  /"W 

LogGs 


.0 


p  =  00  to  -50 


•oo 

•OI 

•02 

•03 
•04 

•05 
•06 
•07 
•08 
•09 

•10 
•II 

•12 

•13 
•I4 

•15 
■l6 
•17 
•10 
■19 

•20 
•21 
■22 

•23 

•24 

•25 
•26 

.27 

•20 
•29 

•30 
•31 
■32 

•33 
•34 

•35 
•36 

"32 

•38 

•39 

•40 
•41 
•42 
•43 
•44 


(i+a^2aCOsS)-*=(i-aTf(i4+5Gf  aiC°SiS)'     P^*^^'^      s  =  f,i  =  4to7 


1  =  4 


•45 
•46 

■42 
.48 

•49 
•50 


1-25640  201   , 

1-25965  i78 
1-26288673 
1-26610  700 
1-26931  271 

1-27250  396 
1-27568088 
1-27884  358 
1-28199  218 
1-28512  678 

1-28824  751 

1-29135447 
1-29444  777 
1-29752  753 
i-3°°59  384 

1-30364  682 
1-30668  657 
1-30971  319 
1-31272  679 
I-3I572  748 

1-31871  534 
1-32169  049 

i-32465  3QI 
1-32760  302 

I-33054  o6° 

I-33346  586 
I-33637  888 
1-33927976 
1-34216  860 
i-34504  548 

1-34791  050 
1-35076  375 
i-3536o53i 
I-35643  529 
I-35925  375 

1-36206  080 
1-36485  651 
1-36764  097 
1-37041  427 
i-373I7  64» 


1-37592  77° 
1-37866  800 

I-38I39  746 
1-38411  616 
1-38682  419 

1-38952  161 
1-39220  851 
1-39488  497 
1-39755  106 
1-40020  686 


324  977 
323  495 
322  027 
320  571 
319  125 


*  =  5 


317  692 
316  270 
314  860 
313460 
312073 

310  696 
3°9  33° 
307  976 
306  631 
305  298 

303  975 
302  662 
301  360 
300  069 

298  786 

297  5*5 
296  252 
295  001 

293  758 
292  526 

291  302 

290  088 
288  884 
287  688 
286  502 


285  325 

284  156 

282  998 

281  846 

280  705 

279  571 

278  446 

277  33o 

276  221 

275  122 

1-37034536+270926 

1-37305462  2099I5 

1-37575  377  268910 

1-37844287  267912 

1-38112199  266920 


274  030 
272  946 
271  870 
270  803 
269  742 

268  690 
267  646 
266  609 
265  580 
264  557 


I-38379  "9 
1-38645  053 
1-38910  008 
I-39I73  989 
I-39437  005 

1-39699059 
1-39960  159 
1-40220  311 
1-40479520 

I-40737  793 

i-40995  136 
1-41251  554 
1-41507053 
1-41761  640 
1-42015  320 

1-42268  099 
1-42519  982 
1-42770  976 
1-43021  085 
1-43270315 

1-43518672 
1-43766  162 
1-44012  789 
1-44258559 
I-44503  477 

1-44747  549 
1-44990780 

I-45233  175 
1-45474  739 
i-457I5  478 

1-45955  397 
1-46194  500 
1-46432  793 
1-46670  280 
1-46906  967 

1-47142  859 
i-47377  96o 
1-47612  275 
1-47845  809 
1-48078567 

1-48310554 
1-48541  773 
1-48772  230 
1-49001  930 
1-49230876 


1-40285  243  +263  543 


265  934 
264  955 
263  981 
263  016 
262  054 

261  100 
260  152 
259  209 
258  273 
257  343 

256  418 
255  499 
254  587 
253  680 
252  779 

251  883 
250  994 
250  109 
249  230 
248  357 

247  490 
246  627 

245  77o 
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214  124 

213  462 
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206  433 
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202  180 
201  587 

200  996 
200  409 
199  824 
199  244 
198  665 

198  092 

197  519 
196  951 
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87  161 

86660 
86  162 
85667 

85173 
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1-70841  105 
1-71004599 
1-71167  712 
I-7I330  447 

1-71492  805 
1-71654  787 
1-71816  396 
1-71977  632 

1-72138497 

1-72298  993 
1-72459  121 
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76  133 
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71  869 
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67  388 
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200  424 
199  828 
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186  713 
186  202 
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69449  134 
69617  624 

69785  703 
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70950  878 
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73063  610 
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1-69446  674 
1-69617834 

1-69788  556 
1-69958  841 
1-70128  691 
170298  109 
170467  097 

1-70635  656 
170803  790 
1-70971  500 
171138788 
1-71305656 


89646 
89  no 

88  577 
88046 
87520 

86  994 
86  473 
85  955 
85  438 
84925 

84415 
83907 
83  402 
82  899 
82  401 

81  903 
81  408 
80918 
80428 

79  941 

79  457 
78976 

78  497 
78  021 

77  547 

77  075 
76  606 

76  139 
75  675 
75  213 

74  754 
74296 
73842 
73  3«9 
72  939 

72  490 
72  046 
71  602 
71  160 

70  722 

70  285 
69  850 
69  418 
68988 
68559 

68  134 
67  710 
67288 
66  868 
66450 


1-71472  106 


+  166  034 


1-69140731 
1-69311  458  "r 
1-69481  755 
1-69651  623 
1-69821  065 

1-69990  082 
1-70158  678 
1-70326853 
1-70494  610 
1 70661  951 

1-70828878 

I-70995  393 
1-71161  497 
1-71327  193 
1-71492  483 

1-71657368 
1-71821  851 

I-7J985  933 
1-72149  616 
1-72312  903 

1-72475  794 
1-72638  292 
172800  399 
172962  116 
1-73123446 

1-73284  389 

1-73444  949 
1-73605  126 
173764  922 
I-73924  34° 

1-74083  380 
1-74242  045 
174400336 
1-74558255 
1-74715  804 

1-74872  984 
1-75029  797 
1-75186245 

I-75342  329 
1-75498051 

I"75653  4I3 
1-75808  416 
1-75963061 
1-76117351 
1-76271  287 

176424  870 
176570  103 
1-76730  986 
176883  521 
I-77035  7io 


170  727 
170  297 
169  868 
169  442 
169  017 

168  596 
168  175 
167  757 
167  341 
166  927 

166  515 

166  104 
165  696 
165  290 
164  885 

164  483 
164  082 
163  683 
163  287 
162  891 

162  498 
162  107 
161  717 
161  330 
160  943 

160  560 
160  177 
159  796 
159  418 
159  040 


158  665 

158  291 

157  919 

157  549 
157  180 

156  813 

156448 

156084 

155  722 

155  362 

*55  003 

154  645 
154  290 

153  936 

153  583 

153  233 

152  883 

152  535 
152  189 
151  844 


i-77i87  554 


+  151  501 


1-75113  018 
175268  144 
1-75422  918 

I-75577  34I 
1-75731  415 

1-75885  141 
1-76038  520 
1-76191  555 
1-76344  247 
1-76496597 

1-76648  606 
176800  276 
1-76951  609 
1-77102  606 
1-77253  268 

I-77403  597 
1-77553  594 
1-77703  261 

1-77852  598 
1-78001  608 

1-78150  292 
178298  651 
1-78446686 

1 -78594  399 
1-78741  791 

1-78888863 

1-79035617 
1-79182  055 
179328  176 
1-79473  984 

1-79619478 
1-79764  661 
1-79909533 
1-80054  °95 
1-80198  350 

1-80342  299 
1-80485  941 
1-80629  280 
1-80772  316 
1-80915  050 

1-81057  483 
1-81199  617 
1-81341  453 
1-81482  992 
1-81624  236 

1-81765  185 
1-81905  840 
1-82046  204 
1-82186276 
1-82326  059 


+  155  126 
154  774 
154  423 
154  o74 
J53  726 

153  379 

153  °35 
152  692 

152  350 
152  009 

151  670 

151  333 
150  997 
150  662 
150  329 

149  997 
149  667 

149  337 
149  010 
148  684 

148  359 
148  035 
147  713 
147  392 
147  072 

146  754 
146  438 
146  121 
145  808 
I45  494 

145  l83 
144  872 
144  562 
144  255 
143  949 

143  642 

143  339 
143  036 

142  734 
142  433 

142  134 
141  836 

Hi  539 
141  244 
140  949 

140  655 
140  364 
140  072 
139  7»3 
139  494 


1-82465  553 +I3Q2o6 


1-80599  895  +I42064 
1-80741  959  ij177? 
1-808*3730   +^8 

1-81166396  jJo8 


1-81307  295 
1-81447  904 
1-81588226 
1-81728  262 
1-81868013 

1-82007  479 
1-82146  662 
1-82285  563 
1-82424  184 
1-82562  524 

1-82700  586 
1-82838370 
1-82975  877 
1-83113  109 
1-83250  066 

1-83386749 
1-83523  160 
1-83659299 
1-83795  168 
1-83930768 

1-84066  099 
1-84201  162 

1 -84335  959 
1-84470  491 

1-84604  758 

1-84738  762 
1-84872  503 
1-85005  983 
1-85139  202 
1-85272  161 

1-85404  862 

I-85537  305 
1-85669  492 
1-85801  422 
I-85933  098 

1-86064  520 
1-86195  689 
1-86326  606 
1-86457  271 
1-86587  687 

1-86717  853 
1-86847  771 
1-86977441 
1-87106  865 
1-87236043 


140  609 
140  322 
140  036 

139  751 
139  466 

139  183 
138  901 
138  621 
138  340 
138  062 

137  784 
137  507 
137  232 

136  957 
136  683 

136  411 
136  139 
135  869 
135  600 

135  331 

135  063 
134  797 
134  532 
134  267 
134  004 

133  741 
133  480 
133  219 

132  959 
132  701 

132  443 
132  187 

131  93° 
131  676 
131  422 

131  169 
130  917 
130  665 
130  416 
130  166 

129  918 
129  670 
129  424 
129  178 
128933 


1-87364  976  +I28  689 


I  12 


TABLE    III.     LogG 


(») 


i+a* 


2acosS)~^  = 


(i -a2 


(4G»  +SGV«'costS), 


(i -a2 


p  =  200  to  2-50 


2-00 
2-OI 
2-02 

2-03 

2-04 
2-05 

2-06 

2-07 

2-08 
2-09 

2-IO 
2-II 
2-12 

2-13 

2-I4 

2-15 
2-16 
2-17 
2-18 
2-19 

2-20 
2-21 
2-22 
2-23 

2-24 

2-25 
2-26 
2-27 
2-28 
2-29 

2-30 

2-31 
2-32 

2-33 
2-34 

2-35 
2-36 

2-37 
2-38 

2-39 

2-40 
2-41 
2-42 

2'43 
2-44 

2-45 
2-46 
2-47 
2-48 
2-49 

2-50 


1-71472 
1-71638 
1-71803 
1-71968 
172133 

1-72298 
1-72462 
1-72625 
1-72788 
1-72951 


J°^ +166  034 
165  621 
165  209 
164  800 
164  392 


761 
970 

770 


162 
149 
732 
913 
695 


1-73114079 
1-73276  067 
i-73437  66o 
1-73598  862 
1-73759  673 

1-73920  095 
1-74080  131 

1-74239782 
I-74399  050 

1-74557  937 

1-74716444 
1-74874574 
1-75032327 
1-75189  7°7 
1-7534°  7i4 

I-75503  35° 

1-75659617 

i-758i5  5i7 
1-75971  051 
1-76126  222 

1-76281  030 
i-76435  479 
1-76589569 
I-76743  3°2 
1-76896  678 

1-77049  700 
1-77202  368 
1-77354  686 
1-77506654 
1-77658274 

1-77809547 
1-77960477 
1-78111  065 
1-78261  311 
1-78411  216 

1-78560  784 
1-78710  014 
1-78858  909 
1-79007  470 
I-79I55  698 

I-79303  595 


*  =  5 


163  987 
163  583 
163  181 
162  782 
162  384 

161  988 
161  593 
161  202 
160  811 
160  422 

160  036 

159  651 
159  268 
158887 
158  507 

158  130 

157  753 
i57  38o 
157  007 
156636 

156  267 

155  900 

155  534 

z55  i7i 
154  808 

154  449 
154  090 

153  733 
153  376 
153  022 

152  668 
152  318 
151  968 
151  620 
I51  273 

150  930 

150588 
150  246 
149  905 
149  568 

149  230 
148  895 
148  561 
148  228 
+  147897 


I-77I87  554  , 
I-77339  055 
1-77490  214 
1-77641  033 
I-7779I  514 

1-77941  657 
1-78091  464 
1-78240937 
1-78390077 
1-78538  885 

1-78687364 
I-78835  5I4 
1-78983  337 
1-79130834 
1-79278  006 

1-79424856 

I-79571  384 
i-797J7  59i 
1-79863  480 
1-80009  051 

1-80154  306 
1-80299  246 
1-80443  873 
1-80588  187 
1-80732  190 

1-80875  884 
1-81019  269 
1-81162  347 
1-81305  120 
1-81447588 

1-81589  753 
1-81731  616 
1-81873  178 
1-82014  440 
1-82155405 

1-82296  072 
1-82436443 
1-82576  520 
1-82716  304 
1-82855  795 


151  501 
I51  I59 
150  819 
150  481 
15°  x43 

149  807 

149  473 
149  140 
148  808 
148  479 

148  150 
147823 
147  497 
147  172 
146  850 

146  528 
146  207 
145  889 
145  571 
145  255 

144  940 
144  627 

144  314 
144  003 
143  694 

M3  385 
143078 

142  773 
142  468 
142  165 

141  863 
141  562 
141  262 
140  965 
140  667 

140  371 
140  077 

139  784 
139  49i 
139  200 

1-82994  995  138  910 

1-83133905  ^8622 

1-83272527  ^8334 

1-83410861  ^g^g" 

1-83548909  47763 

liltfAll  ^7478 
1-83824  150       6 

ili^lS    I36633 

1-84234  893  +I36354 
1-84371  247 


1-82465  553  +I392o6 

1-82604759  ^8920 

SBis?  inn 

1-83020  665  j |8  gg7 


1-83158  732 
1-83296  518 
1-83434023 
1-83571  248 
1-83708 195 

1-83844  864 
1-83981  257 

1-84117374 
1-84253  217 
1-84388  787 

1-84524  084 
1-84659  in 

1-84793  868 
1-84928  355 
1-85062  574 

1-85196527 
1-85330214 
1-85463  635 

I-85596  793 
1-85729  688 

1-85862  321 
1-85994  693 
1-86126805 
1-86258658 
1-86390  254 


86521  592 
86652  674 
86783  501 
86914  075 
87044  395 

•87174462 
■87304  279 

•87433  845 
•87563  162 
■87692  230 


1-87821  051 
1-87949625 
1-88077954 
1-88206037 
1-88333877 


1-88461  474 
1-88588  829 
1-88715  942 
1-88842  816 
1-88969  450 

1-89095  845 


137  786 

137  505 
137225 

136947 
136  669 

136  393 
136  117 

135  843 
135  57° 
135  297 

135  027 

134  757 
i34  487 
134219 
133  953 

133  687 
133  421 
133  158 
132  895 
132  633 

132372 
132  112 
I31  853 
I31  596 
I31  338 

131  082 
130  827 

130  574 
130  320 
130  067 

129  817 
129  566 

129  317 
129  068 
128  821 

128  574 
128  329 
128  083 
127  840 
127597 

127  355 
127  113 
126  874 
126  634 
+  126395 


1-87364 

1-87493 
1-87622 
1-87750 
1-87878 

1 -88006 
1-88133 
1-88260 
1-88387 
1-88514 


976+I28  689 
665  128  446 
IIl  128204 
3*5 


278 

000 
483 
727 
733 
5°2 


1-88641  035 
1-88767333 
1-88893  396 
1-89019  225 
1-89144  822 


89270  186 

89395  3*9 
89520  222 
89644  896 
■89769  34° 


1-89893  557 
1-90017  547 
1-90141  310 
1-90264  847 
1-90388  160 


127  963 
127  722 

127483 
127  244 
127  006 
126  769 
126533 

126  298 
126  063 
125  829 
125  597 
125  364 

125  133 
124903 
124  674 
124  444 
124  217 

123  990 
123  763 
123537 
123  313 
123  089 


1-90511249  I22865 

1-90634114  122643 

I-90756  757  I2242I 

1-90879  178  I22  201 

1-91001  379  I2I  98o 


1-91123  359 
1-91245  120 
1-91366  662 
1-91487  986 
1-91609  093 

1-91729  983 
1-91850  658 
1-91971  118 
1-92091  364 
1-92211  396 


121  761 
121  542 
121  324 
121  107 
120  890 

120  675 
120  460 
120  246 
120  032 
119  820 


I-92331 
1-92450 
1-92570 
1-92689 
1-92808 

1-92927 
1-93045 
1-93164 
1-93282 
1-93400 

i-935!7 


216 
823 
220 

4°5 
381 

148 
706 
056 
200 
137 

868 


1 
1 
1 
1 
1 

1 

1 

1 

1 

+  1 


19  607 

19  397 
19  185 
18976 
18  767 

18558 

18350 
18  144 

17  937 
17  731 


TABLE   III.     LogG 


(.) 


113 


(i+a2-2acosS)-^(i-a2)~^Gl0)+  %  G? otcoaiS),     p  =  0,^(i-^).        P=;00  to  '50 


s  =  |,  1  =  8  to  11 


•00 
•01 
•02 
•03 
•04 

•05 
•06 
■07 
•08 
•09 

•10 
•11 
•12 
•13 
•14 

•15 
•16 

-I2 
•18 

•19 

•20 
•21 
•22 
•23 
•24 

•25 
•26 
.27 

•28 
•29 

•30 

•31 
•32 
•33 
•34 

•35 
•36 

•38 
•39 

•40 

Hi 

•42 

•43 

•44 

•45 
•46 

•48 
•49 

•50 


BB 


i  =  8 


1-62620  988 
1-62801  726 
1-62982  028 
1-63161  896 
I-6334I  33i 

1-63520  336 
1-63698  912 
1-63877  061 
1-64054  784 
1-64232  083 

1-64408  960 
1-64585  416 
1-64761  453 
1-64937072 
1-65112  276 

1-65287  065 
1-65461  441 

1-65635  4°7 
1-65808  962 
1-65982  no 

1-66154  852 
1-66327  189 
1-66499  122 
1-66670  655 
1-66841  787 

1-67012  520 
1-67182  857 
'•67352  798 
1-67522  346 
1-67691  501 

1-67860  265 
1-68028  640 
1-68196628 
1-68364  229 
1-68531  445 

1-68698  279 
1-68864  73o 
1-69030  802 
1-69196  494 
1-69361  810 

1-69526749 
1-69691  314 

1  -69855  506 
1-70019  327 
1-70182  778 

I-7°345  860 
1-70508575 
1-70670  924 
1-70832  909 
I-7°994  53i 


+  180738 
180  302 
179  868 

1 79  435 
179005 

178576 
178  149 
177  723 
177  299 
176  8J7 

176456 
176  037 
175  619 
175  204 
174  789 

'74  376 
173  966 

173  555 
173  148 
172  742 


'72  337 
'71  933 
'7'  533 
171  132 

170  733 

170  337 
169  941 
169  548 

169  155 
168  764 

'68  375 
167  988 
167  601 
167  216 
166  834 

166  451 
166  072 
165  692 
165  316 
164  939 

164  565 

164  192 
163  821 

163  45* 
163  082 

162  715 
162  349 
161  985 
161  622 
161  260 


'•7II55  791 +I6ogoo 


=  9 


1-69315  667 
1-69478  352 
1-69640  686 
1-69802  671 
1-69964  308 

1-70125598 
1-70286  542 
1-70447  142 
1-70607  398 
1-70767  312 

1-70926  885 
1-71086  118 
1-71245  012 

171403  569 
1-71561  789 

1-71719674 
1-71877  224 
1-72034442 
1-72191  327 
1-72347882 

1-72504  107 
1-72660  004 
I-728i5  573 
1-72970816 
J-73I25  733 

1-73280327 
'73434  598 
173588546 
1-73742  175 
173895  483 

1-74048473 
1-74201  146 

'74353  502 
1 74505  543 
1-74657  270 

1-74808  683 

1 74959  785 
1-75110576 
1-75261  057 
1-75411  229 

1-75561  093 
1-75710651 
1-75859903 
1-76008  850 
1-76157494 

1-76305  835 

'76453  876 
1-76601  615 
1-76749055 
1-76896  197 


+  162  685 

l62  334 

l6l  985 

l6l  637 

l6l  29O 

l6o  944 

I60  60O 

l6o  256 

159  914 

'59  573 

'59233 

158  894 

^8  557 
158  220 

157  885 

157  55o 
157  218 
156  885 

'56  555 
156225 

155  897 
155  569 
155  243 
'54  917 
'54  594 


'54  271 
153  948 
153  629 
153  308 
152  990 

152  673 
152356 
152  041 
151  727 
'5'4'3 

151  102 
150  791 
150  481 
150  172 
149  864 

'49  558 
149252 
148947 
148  644 
148  341 

148  041 

'47  739 
147440 
147  142 
146  845 


1-77043  042  +I46548 


1  =  10 


^75385  45i 
'75533  362 
1-75680  984 
1-75828  320 
'75975  369 

1-76122  133 
1-76268  613 
1-76414  808 
1-76560  721 
1-76706352 

1-76851  702 
1-76996  772 
1-77141  562 
1-77286  073 
'77430  307 

1-77574  264 
1-77717945 
1-77861  350 
1-78004  481 

I78I47  339 

1-78289924 
1-78432  237 
1-78574  279 
1-78716  051 
'78857553 

1-78998  787 

I-79I39  753 
1-79280  452 
1-79420  884 
1-79561  052 

1-79700955 
1-79840594 
1-79979971 
1-80119  085 
1-80257  938 

1-80396531 
1-80534  864 
1-80672  938 
1-80810  754 
1-80948313 

1-81085  615 

I-8I222  662 

I-8i359  454 
1-81495  991 

1-81632  276 

1-81768  308 
1-81904  088 
1-82039  617 
1-82174  896 
1-82309  926 


+  147  911 
147  622 

'47  336 

147  049 
146  764 

146  480 
146  195 

J45  9i3 
145  631 
'45  35o 

145  070 
144  790 

'44  5ii 
144  234 

'43  957 

143  681 
'43  405 
143  131 
142  858 

142  585 

'42313 
142  042 

141  772 
141  502 

141  234 

140  966 
140  699 
140  432 
140  168 
139  903 

139  639 
'39  377 
139  114 
138  853 
138  593 

138  333 
138074 
137  816 
'37  559 
'37  302 

137047 
136  792 

136537 
136  285 
136  032 

'35  780 
'35  529 
'35  279 
135  030 
'34  78i 


1-82444  7°7 


+  '34  533 


1  =  n 


1-80937  3:84 
1-81072  780 
1-81208  136 
'•8i343  251 
1-81478  127 

1-81612  764 
1-81747  163 
i-8i88i  325 
1-82015  249 
'•82148937 

1-82282  390 
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98000  140 
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102  451 
102  301 
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I-99487  534 
1-99594  °2 1 
1-99700  343 
1-99806  499 
1-99912  492 

2-00018  321 
2-00123  986 
2-00229  489 
2-00334  829 
2-00440  007 

2-00545  024 
2-00649  880 
2-00754  575 
2-00859  no 
2-00963  486 

2-01067  703 
2-01171  761 
2-01275  660 
2-01379  402 
2-01482  987 

2-01586415 


in  679 
in  499 
in  319 
in  139 
no  959 

no  782 
no  603 
no  426 
no  249 
no  072 

109  897 
109  721 
109  546 
109  372 
109  199 


109  025 

108  852 
108  680 

108  509 
108337 
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106  322 
106  156 
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2-01688  292 
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2-03210  694 
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2-04108  257 
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2-04404  862 
2-04503  447 
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2-07023  108 
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1-82966  45 
1-83647  52 
1-84324  42 
1-84997  22 


915  46 

908  10 
900  85 
893  72 
88669 
87976 

872  94 
86622 
859  60 

85307 
84664 

840  30 

83405 
82789 
821  82 
81583 

80993 
804  10 

798  37 
792  70 
787  12 

781  61 
77617 
770  81 

765  51 
76030 

755  i4 
750  06 

74504 

74009 

735  19 

730  37 
725  60 
720  89 
716  24 
711  66 

707  12 
702  65 
698  22 
69386 
68954 

68528 
681  07 
676  90 
672  80 
66873 


1-8566595+66472 


TABLE   IV.     LogGr 


(i) 
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,(0) 


5     ,W 

t'  =  I 


(i+a2-2acosS)~3=(i-a2)~*($G£'    •  S  G^VcosiS),     £  =  a2~(i-a2). 


p  =  -50  to  100 


1  =  o 


•50 
•5i 
•52 
•53 

•54 

•55 
•56 

'57 
•58 
•59 

•60 
•61 
•62 

•63 
•64 

•65 
•66 
•67 
•68 
•69 

•70 
•71 
•72 
•73 

•74 

•75 
•76 

'72 

•78 

•79 

•80 
•81 
•82 

■|3 

•84 

I* 

•86 

•87 
•88 
•89 

•90 
•91 
•92 
•93 
•94 

•95 

•96 
•97 
•98 
•99 

i-oo 


1-28253 
1-29449 
1-30630 
1-31797 
1-32950 

1-34090 
1-35218 
1-36332 
1-37434 
1-38525 

1-39603 
1-40670 
1-41726 
1-42771 
1-43805 


44828 
•45841 
•46845 
.47838 
48821 


1-49796 
1-50761 
1-51716 
1-52663 
1-53602 


7i 

05 
07 
12 
58 

76 
00 
61 

89 
12 

60 
58 

33 

09 
11 

62 

84 
00 

30 

95 

14 
07 

92 
86 
09 


I-5453I  75 
1-55453  °2 
1 -56366  05 
1-57271  00 
1-58168  02 

I-59057  25 
1-59938  82 
1 -60812  89 
1-6167959 
1-6253904 

1-63391  36 
1-64236  69 

1-65075  J4 
1-65906  83 
1-66731  87 

1-67550  37 
1-68362  44 
1-69168  18 
1-69967  70 
1-70761  09 

1-7154845 
1-72329  89 
i-73io5  48 
I-73875  32 
i-74639  5o 

I-75398  10 


+  "95  34 
1181  02 
1167  05 
II53  46 
1140  18 

1127  24 
1114  61 
1 102  28 
1090  23 
1078  48 

1066  98 

1055  75 
1044  76 
1034  02 
1023  51 

1013  22 
1003  16 

993  30 
98365 

974  19 

964  93 

955  85 

946  94 
93823 
929  66 

921  27 
91303 
904  95 
897  02 
88923 

88157 
87407 
86670 

859  45 
85232 

845  33 

83845 
831  69 
825  04 
81850 

812  07 
80574 
799  52 
793  39 
787  36 

78144 
775  59 
76984 
764  18 
75860 

+   753  " 


1-5030360         66 
1-5126023+95003 

1-5220799     947  7 

1-5314705    ZV0Vo 

I-54077  58  930  53 


1-54999  74 
I-559I3  69 
1-5681957 

I-577I7  55 
1-5860775 

I-59490  33 
1-60365  41 
1-61233  x4 
1-62093  63 
1-62947  01 

I-63793  4I 
1-64632  95 
1-65465  73 
1-66291  87 
1-67111  49 

1-67924  68 
1-68731  55 
1-69532  21 
1-7032675 
1-7111527 

1-7189787 
1-72674  62 

1-73445  64 
1-74210  99 
1-74970  77 

I-75725  07 
I-76473  96 
1-77217  52 

1-77955  83 
1-7868897 


79417  01 
80140  03 
80858  09 
81571  27 
82279  63 


1-82983  24 
1-83682  17 
1-8437647 
1-85066  22 
1-85751  48 

1-86432  29 
1-87108  73 
1-8778085 
1-8844871 
1-89112  36 

1-89771  85 


913  95 
905  88 
89798 
890  20 

88258 

87508 

867  73 
860  49 

853  38 
846  40 

839  54 
8327S 

826  14 
819  62 
813  19 

80687 
80066 

794  54 
78852 
782  60 

776  75 
771  02 

765  35 
759  78 
754  30 

74889 
743  56 
73831 
733  14 
728  04 

723  02 
718  06 

7i3  18 

708  36 
70361 

69893 
69430 

68975 
685  26 
68081 

67644 
672  12 
66786 
663  65 
659  49 

+  655  39 


1-69236  00 
1-70023  47 
1-70805  15 
1-71581  14 
I-72351  52 

1-73116  36 

I-73875  75 
1-74629  78 

i-75378  5o 
1-76122  01 

1-76860  37 

1-77593  66 
1-78321  94 
1-79045  29 
1-79763  77 

1-8047745 
1-8118639 
1-8189066 
1-82590  32 
1-83285  43 

1-8397605 
1-84662  24 
1-8534405 
1-86021  55 
1-86694  78 

1-87363  81 
1-88028  67 
1-8868944 
1-89346  15 
1-89998  86 

1-90647  62 
1-91292  47 

I-9I933  47 
1-92570  65 

1-9320407 

I-93833  77 
1-94459  79 
1-95082  18 
1-9570097 
1-96316  22 

1-96927  96 
I-97536  23 
1-98141  07 
1-9874253 
1-9934063 

1-99935  42 
2-00526  93 
2-01115  20 

2-01700  26 
2-02282  16 

2-02860  92 

+78747 

781  68 
775  99 
77038 
76484 

759  39 
754  03 
74872 

743  51 
73836 

733  29 

72828 

723  35 
71848 
71368 

70894 
70427 
699  66 

695  11 
690  62 

686  19 
681  81 

677  50 
67323 
66903 

66486 
660  77 
656  71 
652  71 
648  76 

64485 
641  00 

63718 
633  42 
629  70 

626  02 
622  39 

618  79 

61525 
611  74 

608  27 
604  84 
601  46 
598  10 
594  79 

59i  51 
58827 
58506 
581  90 
578  76 

+575  66 


X1f 65  I5  +664  72 
1-86330  67 +664^ 

'l6^41     65683 
1-8764824     £      * 

1-8830119     64>    \l 


1-88950  31 

1-89595  63 
1-90237  22 
1-90875  09 
1-9150931 

1-92139  91 
1-92766  93 
1-9339040 
1-94010  38 
1-94626  89 

I-95239  98 
1-95849  68 
1-96456  03 
1-97059  06 
1-97658  81 

1-98255  32 
1-98848  62 

I-99438  74 
2-00025  71 
2-00609  58 

2-01190  36 
2-01768  10 
2-02342  83 
2-02914  56 
2-03483  35 

2-04049  21 
2-04612  18 
2-05172  28 
2-05729  54 
2-06283  99 

2-06835  66 
2-07384  58 
2-07930  77 
2-08474  26 
2-09015  08 

2-09553  25 
2-10088  80 
2-10621  74 
2-11152  12 
2-1167995 


12205  25 
12728  05 
13248  38 
13766  25 
14281  69 


645  32 
641  59 
63787 
634  22 
630  60 

627  02 

62347 
619  98 
616  51 
61309 

609  70 
606  35 
603  03 
599  75 
59651 

593  30 
59°  12 

58697 
58387 
58078 

577  74 
574  73 
57i  73 
56879 
56586 

56297 
560  10 
557  26 

554  45 
55167 

54892 
546  19 
543  49 
54082 

538i7 

535  55 

532  94 
53038 
52783 
52530 

522  80 
52033 
51787 
515  44 
51303 


•14794  72  4-51064 
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TABLE   IV. 


LogG? 


7  7  (0)  °°         (i) 

(H-a2-2«cosS)_lr=(i-a2)^(iGr   +  S  Gr  Vcost'S), 

7        i=i     * 


£  =  a2^(i-a2). 


p  =  100  to  1-50 


|,  i  =  0  to  3 


oo 

OI 
02 

°3 

04 

05 

06 

°l 
08 

09 


I-IO 

I'll 

I-I2 

1-14 

i-i5 
1-16 

I-I7 

i-i8 
1-19 

1-20 
I-2I 
1-22 
1-23 
1-24 

1-25 

1-26 
1-27 
1-28 

1-29 

1-30 
1-31 

1-32 
i-33 
i-34 

i-35 

1-36 

i-37 
1-38 

1-39 

1-40 
1-41 

1-42 

i-43 
1-44 

i-45 
1-46 

1-47 
1-48 
1-49 

1-50 


1-75398  10 
i-76i5i2i+753  11 

1-7689891     747  70 
1-77641  28 
1-7837840 


1-7911035 
1-79837  19 
1-8055901 
1-81275  87 
1-81987  85 

1-82695  °i 

I-83397  42 
1-84095  15 
1-84788  26 
1-8547681 


■8616086 
■86840  48 

'87515  72 
•8818664 
•88853  3i 


1-89515  76 
1-90174  06 
1-90828  27 
1-9147842 
1-9212458 

1-92766  80 
1-93405  12 
1-94039  60 
1-94670  27 
1-9529720 

1-9592041 

1-9653996 
I-97I55  90 
1-97768  26 
1-9837709 

1-98982  42 

1-99584  3i 
2-00182  78 
2-00777  88 
2-01369  65 

2-01958  13 
2-02543  35 
2-03125  35 
2-03704  16 
2-04279  83 

2-04852  38 
2-05421  85 
2-05988  28 
2-06551  69 
2-07112  12 

2-07669  61 


737  12 
73i  95 


72684 
721  82 
71686 
711  98 
707  16 

702  41 
69773 

693  11 

68855 
68405 

679  62 

67524 
670  92 
66667 
66245 

65830 
654  21 
650  15 
646  16 
642  22 

63832 

634  48 
630  67 
626  93 
623  21 

6i9  55 
615  94 
612  36 
60883 
60533 

601  89 

598  47 
595  10 
59i  77 
58848 

58522 
582  00 
57881 
575  67 
572  55 

569  47 
56643 

56341 
56043 

557  49 
+554  57 


1  =  1 


1-89771  85  +655  3Q 
1-90427  24  6^^ 
1-9107859  ^135 
J-9i725  94  6y3$ 
63950 


1-92369  34 


1-93008  84 
I-93644  49 
1-94276  34 
1-94904  43 
1-9552881 

1-9614953 
1-96766  62 
1-97380  14 

1-97990  12 
1-98596  60 

1-99199  63 
I-99799  25 
2-00395  49 
2-00988  40 
2-01578  00 

2-02164  35 
2-02747  47 
2-03327  41 
2-03904  19 
2-04477  85 

2-05048  43 
2-05615  97 
2-06180  48 
2-06742  01 
2-07300  59 

2-07856  25 
2-08409  02 
2-08958  93 
2-09506  oi 
2-10050  29 

2-10591  81 
2-11130  58 
2-11666  63 

2-12200  OI 
2-I2730  72 

2-13258  80 
2-13784  28 
2-14307  17 
2-14827  52 

2-15345  33 

2-15860  65 
2-16373  48 
2-16883  86 
2-17391  81 
2-17897  35 


63565 
631  85 
628  09 
62438 
620  72 

617  09 
613  52 
609  98 
60648 
603  03 

59962 
59624 
592  91 
589  60 

58635 


583  12 
579  94 
576  78 
573  66 
570  58 


567  54 
56451 
561  53 
558  58 
555  66 

552  77 
549  91 
547o8 
544  28 
54152 

538  77 
53605 

533  38 

53071 
52808 

525  48 
522  89 
52035 
5i78i 
515  32 

51283 
51038 
507  95 
505  54 
503  16 


2-18400  51 +5Qo8o 


%  =  2 


2 

•O2860  92 

2 

■03436  58 

2 

■O4OO9  17 

2 

•O4578  72 

2 

•05145  28 

2 

•05708  86 

2 

06269  5° 

2 

06827  24 

2 

07382  09 

2 

■07934  IO 

2 

08483  29 

2 

09029  69 

2 

09573  33 

2 

1011423 

2 

10652  43 

2 

1118795 

2 

11720  82 

2 

12251  06 

2 

12778  70 

2 

13303  77 

2 

13826  29 

2 

14346  28 

2 

14863  78 

2 

15378  80 

2 

15891  37 

2 

16401 51 

2 

16909  24 

2 

I74I4  59 

2 

I79I7  59 

2 

18418  24 

2 

1891658 

2 

19412  62 

2 

19906  40 

2 

20397  92 

2 

20887  20 

2 

2137428 

2 

21859  16 

2 

22341  88 

2 

22822  44 
23300  87 

2 

2 

23777  18 

2 

24251  40 

2 

24723  54 

2 

25193  62 

2 

25661  66 

2 

26127  68 

2 

26591  70 

2 

27053  73 

2 

27513  78 

2 

27971  88 

^8+57566 

572  59 
569  55 
56656 
563  58 


560  64 

557  74 
554  85 
552oi 

549  19 

54640 
543  64 
54090 
53820 
535  52 

53287 
53024 

52764 
52507 
52252 

519  99 
5i7  5o 
51502 

512  57 
5io  14 

507  73 
505  35 
5°3  00 
500  65 

498  34 

496  04 
493  78 
49i  52 
48928 
48708 

48488 
482  72 
480  56 
478  43 
47631 

47422 

472  14 

47O  08 

468  O4 

466  02 

464  02 
462  O3 
46O  05 

458  IO 

45617 


2.28428  05  +454  24 


1  =  3 


ili?i  i!  50828 

16319  58 
16823  19 


2-1732450 
2-1782353 

2-18320  31 

2-1881484 
2-19307  15 

2-19797  26 
2-20285  19 
2-20770  96 
2-21254  58 
2-21736  08 

2-22215  48 
2-22692  78 
2-23168  02 

2-23641 21 

2-24112  36 

2-24581  49 
2-25048  62 

2-255I3  77 
2-2597695 
2-26438  19 

2-26897  48 
2-2735486 
2-27810  34 
2-28263  93 
2-28715  65 

2-29165  51 
2-29613  53 
2-30059  72 
2-30504  11 
2-30946  69 

2-3138750 
2-31826  53 
2-32263  81 
2-32699  35 
2-33I33  16 

2-33565  26 
2-33995  66 
2-34424  37 
2-34851 41 
2-35276  79 

2-35700  52 
2-36122  61 
2-36543  08 
2-36961  94 
2-37379  20 

2-37794  " 


505  94 
50361 

501  31 


499  03 

49678 

494  53 
492  31 
490  11 

487  93 
485  77 
483  62 
481  50 
47940 

477  30 
475  24 
473  19 
47i  15 
469  13 

46713 
465  15 
463  18 
461  24 
459  29 

457  38 
455  48 
453  59 
45i  72 
449  86 

448  02 
446  19 
444  39 
442  58 
440  81 

439  03 

437  28 

435  54 
433  8i 
432  10 

43040 
42871 

42704 

42538 

423  73 

422  09 

42°47 
41886 
417  26 
41568 

+  414  10 


TABLE   IV. 


LogGf 


121 


(i+a2-2acos5)"^=(i-a2)"7(JG7  +  2  Gr  VcosJS),     £  =  a2-(i-a2 

7        i=i 


p  =  l-50  to  200 

s  =  ^i'  =  0to3 


3  =  O 


•50 
•51 
•52 
•53 
•54 

•55 

•56 
•57 
•58 
•59 

•60 
•61 
•62 

•63 
•64 

•65 
•66 
•67 
•68 
•69 

•70 
•71 
•72 
•73 
■74 

•75 
•76 
77 

•78 

•79 

•80 
•81 
•82 

'§3 
•84 

•85 
•86 


•89 

•90 
•91 
•92 
•93 

•94 

•95 
•96 
•97 
•98 
•99 

2-00 
BB 


2-0766961 

2-08224  18  +554  57 
2-°8775  87  55^69 
2-OQ^24  70      546q3 

543  21 


•09324  70 
2-09870  70 


2-10413  91 
2-10954  36 
2-11492  07 
2-12027  07 
2*12559  39 

2-13089  05 
2-13616  09 
2-14140  52 
2-14662  39 
2-15181  70 

2-15698  49 
2-I62I2  78 
2-16724  60 
2-17233  96 
2-17740  90 

2-18245  44 
2-18747  60 
2-19247  40 
2-19744  86 
2-20240  01 

2-20732  87 
2-21223  47 
2-21711  81 
2-22197  93 
2-22681  84 

2-23163  56 
2-23643  12 
2-24120  53 
2-24595  81 
2-25068  99 

2-25540  08 
2-26009  10 
2-26476  06 
2-26940  99 
2-27403  91 

2-27864  83 
2-28323  77 
2-28780  74 

2-29235  77 
2-29688  87 


30140  05 
30589  34 
3103675 
31482  29 

3*925  99 


2-32367  85 


540  45 
537  71 
535  00 

532  32 
52966 

52704 
524  43 
521  87 

519  31 

510  79 

51429 

511  82 

50936 
50694 
504  54 

502  16 
499  80 
49746 

495  15 
492  86 

490  60 

48834 
486  12 

48391 
481  72 

479  56 

477  4J 
475  28 

473  18 

47 1  °9 

469  02 
466  96 

464  93 
462  92 
460  92 

458  94 
456  97 
455  03 
453  10 
451  18 

449  29 
447  41 
445  54 
443  70 
441  86 

+  440  04 


1  =  1 


2-18400  51 
2-18901  31 

2-19399  76 
2-19895  90 
2-20389  75 

2-20881  32 
2-21370  64 
2-21857  72 
2-22342  60 
2-22825  29 

2-23305  80 
2-23784  16 
2-24260  39 

2-24734  5I 
2-2520654 

2-25676  49 
2-26144  39 
2-26610  25 
2-27074  08 
2-27535  92 

2-27995  77 
2-28453  65 
2-28909  59 
2-29363  59 
2-29815  67 

2-30265  85 
2-30714  15 
2-31160  57 
2-31605  15 
2-32047  89 

2-32488  80 
2-32927  91 
2-33365  22 
2-33800  76 

2-34234  53 

2-34666  56 
2-35096  85 

2-35525  42 
2-35952  28 
2-3637746 

2-36800  95 
2-37222  78 
2-37642  95 
2-38061  49 
2-38478  40 

2-38893  69 

2-39307  39 
2-397*9  49 
2-40130  02 

2-40538  99 


+  500  80 

498  45 
496  14 
493  85 
49i  57 

48932 
48708 
484  88 
482  69 
48051 

478  36 
47623 

474  12 
47203 

469  95 

46790 
465  86 
46383 
461  84 
459  85 

457  88 

455  94 
454  00 
452  c8 
45°  J8 

44830 
446  42 
444  58 

442  74 
44091 

439  11 

437  31 
435  54 
433  77 
43203 

43029 

42857 
42686 

425  18 

423  49 

421  83 
420  17 
41854 
416  91 
41529 

413  70 
412  10 

4IQ53 
40897 
40741 


2-40946  40  +4Q5  g7 


1  =  2 


29785  09 
30233  67 


2842805  ,,,,,„„ 
28g82  29+454  24 

2Q334  64  \\0\\ 

44858 
44672 

44488 

443  05 
441  24 

439  45 
437  66 


2-30680  39 
2-31125  27 
2-31568  32 
2-32009  56 
2-32449  01 


32886  67 
33322  56 
33756  70 
34189  11 
34619  78 


2-35048  75 
2-35476oi 
2-35901  60 

2-36325  5i 
2-36747  76 

2-37J68  37 

2-37587  35 
2-38004  71 
2-38420  46 
2-38834  61 

2-39247  19 
2-39658  19 
2-40067  64 

2-40475  54 
2-40881  91 

2-41286  75 
2-41690  08 
2-42091  91 
2-42492  26 
2-42891  12 

2-43288  52 
2-43684  46 

2-44078  95 
2-44472  01 
2-44863  65 

2-45253  87 
2-45642  69 
2-46030  11 
2-46416  15 
2-46800  81 

2-47184  11 
2-47566  06 
2-47946  66 

2-48325  93 
2-48703  87 

2-49080  49 


435  89 
434  14 
432  41 
43067 
42897 

427  26 
425  59 
423  91 
422  25 
420  61 

41898 
417  36 
415  75 
414  15 
41258 

411  00 

409  45 
40790 

40637 
404  84 

403  33 
401  83 

400  35 
398  86 

397  40 

395  94 
394  49 
393o6 
39i  64 
390  22 

38882 

38742 
386  04 
38466 
38330 

381  95 
380  60 

379  27 

377  94 
37662 

+  375  31 


*  =  3 


+414  10 


2-37794 
2-38208  98 
2-38621  52 
2-39032  51 


2-39441  95 

2-39849  87 
2-40256  28 
2-40661  17 
2-41064  58 
2-41466  49 

2-41866  94 
2-42265  92 
2-42663  46 

2-43059  55 
2-4345421 

2-43847  45 
2-44239  28 

2-44629  71 
2-45018  75 
2-45406  40 

2-45792  69 
2-46177  61 
2-46561  19 
2-46943  42 
2-47324  3I 

2-47703  89 
2-48082  15 
2-48459  10 

2-48834  75 
2-49209  12 

2-49582  21 

2-49954  °3 
2-50324  58 
2-50693  89 
2-51061  94 

2-51428  76 
2-5I794  36 

2-5215873 
2-52521  89 
2-52883  84 

2-53244  60 
2-53604  17 
2-53962  56 

2-543I9  77 
2-54675  82 

2-55030  71 
2-55384  46 
2-55737  05 
2-56088  52 
2-56438  85 

2-56788  06 


41099 
40944 


407  92 

406  41 
40489 

4°3  4 1 
401  91 
40045 

39898 

397  54 
396  09 
394  66 
393  24 

39i  83 
39043 
38904 
38765 
38629 

38492 
383  58 
382  23 
38089 
379  58 

37826 
376  95 
375  65 
374  37 
373  09 

37182 
370  55 
36931 
36805 
36682 

365  60 
364  37 
363  16 
361  95 
36076 

359  57 
358  39 
357  21 
35605 

354  89 

353  75 
352  59 
35i  47 
350  33 
349  21 

+  348  10 
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TABLE   IV.    LogG 


(t) 


(i  +a2-2<xcosS) 


-*. 


(i-*rhi>Gf- 


00  (i)     ■ 

-  £  G)  Vcosj'S), 


£  =  a2-(i-a2) 


p  =  200  to  2-50 

s  =  I,  i  =  0  to  3 


I  =  o 


2-00 
2-OI 
2-02 

2-03 

2-04 

2-05 
2-o6 
2-07 
2-o8 
2-09 

2-IO 
2-II 
2-12 

2-13 

2T4 

2-15 
2-i6 

2-17 
2-l8 

2-19 

2-20 
2-21 
2-22 
2-23 
2-24 

2-25 
2-26 

2-27 
2-28 
2-29 

2-30 
2-31 
2-32 

2-33 
2-34 

2-35 
2-36 

2-37 
2-38 

2-39 

2-40 

2-41 
2-42 

2-43 
2-44 

2-45 
2-46 
2-47 
2-48 
2-49 

2-50 


2-32367  85  + 

23324013  40646 
2-3368259  43  4 
2-3411726  434  9/ 


2-34550  18 
2-3498I  36 
2-35410  81 

2-35838  54 
2-36264  56 

2-36688  90 
2-37111  56 
2-37532  56 
2-37951  92 
2-38369  63 

2-38785  72 
2-39200  21 
2-39613  09 
2-40024  39 
2-40434  12 

2-40842  29 
2-41248  91 

2-41653  99 

2-42057  55 
2-4245959 

2-42860  13 

2-43259  18 
2-43656  75 
2-44052  86 
2-44447  5o 

2-44840  70 
2-45232  46 
2-45622  80 
2-46011  72 
2-46399  24 

2-46785  37 
2-47170  10 

2-47553  47 
2-47935  47 
2-48316  12 

2-48695  42 

2-49073  39 
2-49450  03 
2-49825  35 
2-5019937 

2-50572  08 

2-50943  5i 
2-5131366 
2-51682  54 
2-52050  15 

2-5241651 


43i  18 
429  45 
427  73 
426  02 

424  34 

422  66 
421  00 
41936 
417  71 
416  09 

41449 
412  88 
411  30 

409  73 
408  17 

406  62 
405  08 
403  56 
402  04 
40054 

399  05 

397  57 
396  11 
394  64 
393  20 

39i  76 

390  34 
38892 

38752 
38613 

384  73 
383  37 
382  00 
38065 
379  3o 

377  97 
37664 

375  32 
37402 

37271 

37M3 
37o  15 
36888 
367  61 
+  36636 


2-40946  40  +    8 
2-4I352  27  +4  J  / 
2-4175662 

2-42159  44  J 
2-42560  76 


2-42960  59 
2-43358  94 
2-43755  81 
2-44151  22 
2-44545  18 

2-44937  70 
2-45328  79 
2-4571847 
2-46106  73 
2-46493  60 

2-46879  08 
2-47263  18 

2-47645  92 
2-48027  29 
2-48407  32 

2-48786  01 
2-49163  37 
2-49539  41 
2-49914  14 
2-50287  57 

2-50659  70 
2-51030  56 
2-51400  13 
2-5176845 
2-5213550 

2-52501  31 
2-52865  88 
2-53229  22 
2-53591  33 
2-53952  23 

2-54311  92 
2-54670  42 
2-55027  72 
2-55383  85 
2-55738  80 

2-56092  58 
2-56445  20 
2-56796  68 
2-5714701 
2-5749620 

2-57844  26 
2-58191  20 

2-5853703 

2-58881  75 


399  83 

398  35 
39687 

395  41 
393  96 
392  52 

391  09 

38968 
38826 
38687 
385  48 

384  10 
38274 

381  37 
38003 

37869 

377  36 
37604 

374  73 
373  43 
372  13 

37086 

369  57 
36832 

36705 
36581 

364  57 
363  34 
362  11 
360  90 
359  69 

35850 
357  30 
356  13 
354  95 
353  78 

352  62 
351  48 
350  33 
349  19 
34806 

346  94 
345  83 
344  72 
343  62 


2^80+375  31 
2-49455  80     Q2 

2-49^2982  374  ^ 

371  44 
37018 


2-50202  55 
2-50573  99 


2-50944  17 
2-5131308 

2-51680  74 
2-52047  15 
2-52412  32 

2-52776  27 
2-53I39  00 

2-53500  5I 
2-53860  82 

2-5421993 

2-54577  85 
2-54934  60 
2-55290  17 
2-55644  57 
2-55997  82 

2-56349  92 
2-56700  87 
2-57050  69 
2-57399  39 
2-57746  96 

2-58093  41 
2-58438  76 
2-58783  02 
2-59126  18 
2-59468  25 

2-59809  25 
2-60149  18 
2-60488  04 
2-60825  84 
2-61162  59 

2-61498  30 
2-61832  97 
2-62166  61 
2-62499  22 
2-62830  81 

2-63161  39 
2-63490  96 

2-6381953 
2-64147  11 
2-64473  70 


36891 
367  66 
366  41 

365  17 
363  95 


362  73 
361  51 
36031 
359  11 
357  92 

356  75 
355  57 
354  4° 
353  25 
352  10 

350  95 
349  82 

34870 
347  57 
346  45 

345  35 
344  26 

343  16 
34207 
341  00 

339  93 
338  86 
337  8o 
336  75 
335  71 

334  67 
333  64 
332  61 

33i  59 
33058 

329  57 
32857 
327  58 
32659 
32560 

2-59225  37  +      \  53 
2-59567  9o 


2-6479930  32  63 
2-6512393  3^66 
2-65447  59  |2^69 
2-6577028  *  J 
2-66092  02  +^2Q  fi 

2-66412  80 


2-5678806         g 
2-57I36  16  +|J699 
2-57483  15 
2-57829  04 

2-5817383 


345  89 
344  79 
343  71 


2-5851754 
2-58860  17 
2-59201  73 
2-59542  22 
2-59881  65 

2-60220  03 
2-60557  36 
2-60893  65 
2-61228  91 
2-61563  14 

2-61896  35 
2-62228  54 
2-62559  73 
2-62889  91 
2-63219  10 

2-63547  29 
2-63874  50 
2-64200  73 
2-64525  99 
2-64850  28 

2-65173  61 
2-65495  98 
2-65817  40 
2-66137  88 
2-66457  42 

2-66776  02 
2-67093  70 
2-67410  45 
2-67726  28 
2-68041  20 

2-68355  22 
2-68668  33 
2-68980  55 
2-69291  87 
2-69602  31 

2-69911  86 
2-70220  54 
2-70528  34 
2-70835  28 
2-71141  36 

2-7144658 
2-7175095 
2-72054  46 

2-72357  14 
2-72658  98 

2-72959  98 


34263 
341 56 
34049 

339  43 
33838 

337  33 
33629 
335  26 

334  23 
333  21 

332  19 
33i  19 
33°  18 
329  19 
328  19 

327  21 
326  23 
325  26 
32429 
323  33 

322  37 

321  42 
320  48 

319  54 
31860 

31768 
316  75 
31583 
3H92 
31402 

313  H 
312  22 

3"  32 

31044 
30955 

30868 
307  80 

30694 
306  08 
30522 

304  37 
303  5i 
302  68 
301  84 
I-301  00 

TABLE   IV.     LogG^ 


(») 
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7  7         10)       °°       ft) 

(i+a2-2aCOsSp=(i-a2p(iG7   +  E  G7  VcosiS),     £  =  <x2-(i-a2). 

5        i=i     5 


p  =  00  to  -50 

s  bb  I,  i  s  4  to  7 


•00 
•01 
•02 

•03 
•04 

■05 
•06 

•07 
•08 
•09 

•10 
•11 
•12 

•13 
•14 

•15 
•16 

'*Z 

•18 

•19 

•20 

•21 
•22 

•23 

•24 

•25 
•26 
.27 

■28 
•29 


•30 
•31 
•32 

•33 

•34 

•35 
•36 

"3Z 
•38 

•39 

•40 
•41 
•42 
•43 

•44 

•45 
•46 

'4Z 
•48 

•49 
•50 


I;67i37  54  ■  7„6^ 
1-67895  19  +  J,5?^ 
1-68648  14     752  95 


1-70140  13 

1-70879  28 
1-71613  91 
1-72344  09 
1-73069  85 
1-73791  25 

17450833 
1-75221  13 
1-75929  70 
1-76634  09 

I-77334  33 

1-78030  46 
1-7872254 
1-79410  60 
1-80094  69 
1-80774  84 


•81451  09 
■82123  49 
•82792  07 
•83456  88 
8411794 


!-84775  30 
1-85429  00 
1-86079  07 
1-86725  55 
1-8736848 

1-8800788 
1-88643  80 
1-89276  27 
1-89905  32 
1-9053099 

I-9II53  30 
1-91772  30 
1-92388  02 
1-93000  48 
1-93609  72 

1-94215  77 
1-9481866 

i-954l842 
1-96015  08 
1-96608  67 

1-97199  22 

1-97786  75 

1-98371  30 
1-98952  90 

I-9953I  57 


739  15 

734  63 
730  18 
72576 
721  40 
717  08 

712  80 
70857 

704  39 
700  24 
696  13 

692  08 
68806 
684  09 
680  15 
67625 

672  40 
66858 
66481 
661  06 
657  36 

653  70 
650  07 
64648 

642  93 
63940 

635  92 

63247 
629  05 
625  67 
622  31 

619  00 
615  72 
612  46 
609  24 
606  05 

602  89 
599  76 
596  66 
593  59 
590  55 

587  53 
584  55 
581  60 

57867 
575  77 


*  =  5 


1-84746  66  ,  .-„,  „ 

-§7S45+tlH98 
1-86007  13  6 
1-8663272  g5  59 
^7255  26  62254 


2-00107  34  , 

+  572 


90 


1-87874  76 
1-88491  25 
1-89104  74 
1-89715  27 
1-90322  85 

1-90927  50 
1-9152925 
1-92128  13 
1-92724  14 
I>93317  32 

1-9390769 
1-94495  26 
1-95080  06 
1-95662  11 
1-96241  43 

1-96818  04 

I-9739I  96 
1-97963  22 
1-98531  83 
1-99097  82 

1-99661  20 

2-00221  99 
2-00780  22 
2-OI335  90 
2-OI889  05 

2-02439  70 

2-02987  86 

2-03533  55 
2-04076  79 
2-04617  61 

2-05156  00 
2-05692  01 
2-06225  64 
2-06756  91 
2-07285  84 

2-07812  45 
2-08336  76 
2-08858  77 
2-09378  52 
2-09896  02 

2-10411  29 
2-10924  33 
2-11435  17 
2-11943  83 
2-1245032 

2-12954  66 


616  49 

61349 
61053 
60758 
60465 

601  75 
598  88 
596  01 
593  18 
590  37 

587  57 
58480 
582  05 

579  32 
576  6i 

573  92 
571  26 
56861 
565  99 
56338 

56079 
55823 
555  68 

553  15 
55065 

548  16 
545  69 
543  24 
540  82 
538  39 

53601 
533  63 

53i  27 

52893 
526  61 

52431 
522  01 

5*9  75 
5i7  5o 
51527 

51304 
510  84 
50866 
50649 
504  34 

+  502  20 


I-99873  43 
2-00415  20 
2-00954  77 
2-01492  16 
2-02027  39 

2-02560  45 
2-03091  37 
2-03620  16 
2-04146  82 
2-04671  37 

2-05193  83 
2-05714  20 
2-06232  50 
2-06748  73 
2-07262  92 

2-07775  06 
2-08285  18 
2-08793  29 
2-09299  39 
2-0980351 

2-10305  64 
2-10805  81 
2-11304  02 
2-11800  29 
2-12294  62 


12787  04 

1327754 
13766  15 
14252  87 
1473772 


2-15220  70 

2-15701  83 

2-16181  12 
2-16658  58 
2-1713422 

2-17608  06 
2-18080  10 
2-1855035 
2-19018  83 
2-19485  55 

2-1995051 
2-20413  73 
2-20875  22 
2-21334  99 
2-21793  05 

2-22249  41 
2-22704  08 
2-23157  07 
2-23608  40 
2-24058  06 


+  54i  77 
539  57 
537  39 
535  23 
533o6 

53092 

528  79 
526  66 

524  55 
52246 

52037 
51830 
51623 

5M  19 
512  14 

510  12 
508  11 
506  10 
504  12 
502  13 

5°o  x7 
498  21 
49627 

494  33 
492  42 

49050 
48861 
486  72 

48485 
48298 

481  13 
479  29 
477  46 
475  64 
473  84 

47204 
47025 
46848 
466  72 
464  96 

463  22 
461  49 

459  77 
458  06 

45636 

454  67 
452  99 

45i  33 
449  66 
448  02 


2-24506  08  +44&  3g 


2-I3I35  99  ,.-,,„ 
2-i36ioi8+474i9 

2-1408275  gJ57 

469  34 
467  73 


2-14553  70 
2-1502304 


2-1549077 
2-1595690 
2-16421  44 
2-16884  39 
2-1734576 

2-17805  56 
2-18263  79 
2-18720  47 

2-I9I75  59 
2-19629  17 

2-2008l  21 
2-2053I  72 
2-20980  7I 
2-2I428  18 

2-21874  J4 

2-22318  60 
2-22761  56 
2-23203  04 
2-23643  03 
2-24081 55 

2-24518  60 
2-24954  20 
2-25388  33 
2-25821  03 
2-26252  28 

2-26682  10 
2-27110  50 

2-27537  47 
2-27963  04 
2-28387  20 

2-28809  97 
2-29231  34 
2-29651  33 
2-30069  94 
2-30487  18 

2-30903  06 

2-3I3I7  58 

2-3I730  75 
2-32142  58 

2-32553  07 

2-32962  23 
2-33370  07 
2-33776  60 
2-34181  81 

2-34585  72 
2-34988  34 


466  13 

464  54 

46295 

461  37 
45980 

45823 

45668 
455  12 
453  58 
45204 

45051 
448  99 
447  47 
445  96 
444  46 

442  96 
441  48 
439  99 
43852 
437  05 

435  6o 

434  13 
432  7° 
43i  25 
429  82 

428  40 
42697 

425  57 
424  16 

422  77 

421  37 
41999 
418  61 
41723 
41588 

4*4  52 

4i3  17 
411  83 
41049 
409  16 

40784 
40653 
40521 

40391 
402  62 

+  401  33 

7-2 
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TABLE    IV. 


Log  4° 


(i  +a2  =  2<xcosS)  *=(l- 


~(IG,   +SG,  ofcosiS),    p  =  <x 
*      »=i    ? 


=  r,2. 


(i -a*). 


p  =  -50  to  100 
s  =  |,  i  ss  4  to  7 


# 


•5° 
•51 
•52 
•53 
•54 

•55 
•56 
•57 
•58 
•59 

•60 
•61 
•62 

•63 

•64 

•65 
•66 

3 

•69 

•70 
•71 
•72 
73 
•74 

•75 
•76 

'72 

•78 

•79 

•80 
•81 
•82 

"f3 

•84 

•86 

•87 
•88 
•89 

•90 
•91 
•92 
•93 
•94 

•95 
•96 
•97 
•98 
•99 

i-oo 


2-0010734 
•00680  -> 


2-00600  24 
2-01250  28 
2-01817  51 
2-02381 94 

2-02943  61 
2-03502  53 
2-04058  73 
2-04612  24 
2-05163  08 

2-05711  27 
2-06256  84 
2-06799  81 
2-07340  21 
2-07878  06 

2-0841337 
2-08946  18 
2-09476  51 
2-10004  37 
2-10529  79 

2-11052  79 

2-H573  39 
2-12091  62 
2-12607  49 
2-13121  02 

2-13632  23 
2-14141  14 
2-14647  78 
2-15152  16 
2-1565430 

2-l6l54  22 
2-I665I  94 
2-1714747 
2-17640  83 
2-I8I32  05 

2-I862I  14 
2-I9I08  12 
2-19593  OO 
2-20075  8l 
2-20556  55 

2-21035  25 
2-21511  92 
2-21986  59 
2-22459  25 
2-22929  94 

2-23398  67 
2-23865  45 
2-24330  30 
2-24793  23 
2-25254  26 


57004 

56723 

564  43 
561  67 

55892 
55620 

553  51 
55084 

548  19 

545  57 
542  97 
54040 

537  85 
535  31 

532  8i 

530  33 
52786 

52542 
523  00 

520  60 
51823 
51587 
5U53 
511  21 

5°8  91 
506  64 
50438 
502  14 
49992 

49772 

495  53 
493  36 
491  22 
489  09 

48698 
48488 
482  81 
48074 
47870 

47667 

474  67 
472  66 
47069 
468  73 

46678 
46485 
46293 
461  03 
459  15 


•25713  41 +4572? 


2-1295466 

493  82 


2-I4950  8I 


2-15444  63 

2-I5936  39 
2-16426  11 
2-16913  80 
2-17399  48 


17883  16 
18364  86 
18844  59 
19322  37 
19798  21 


2-20272  12 
2-20744  12 
2-21214  23 
2-21682  46 
2-22148  81 

2-22613  31 
2-23075  97 
2-23536  80 
2-23995  81 

2-24453  °2 

2-24908  44 
2-25362  09 
2-25813  96 
2-26264  09 
2-26712  48 

2-27I59  14 

2-27604  08 


[7  33 


2-2804 
2-28488  »8 
2-28928  75 


2-29366  95 
2-29803  50 
2-30238  40 
2-30671  67 
2-3110332 

2-3*533  36 
2-31961  80 
2-32388  65 
2-3281393 
2-33237  64 

2-33659  79 
2-34080  40 

2-34499  47 
2-34917  02 

2-35333  °6 
2-35747  59 


491  76 
48972 

48769 
48568 
48368 

481  70 
479  73 
477  78 
475»4 
473  91 

472  00 
470  11 
46823 

46635 
46450 

462  66 
460  83 
459  01 
457  21 
455  42 

453  65 
451  87 
450  13 
44839 
446  66 

444  94 
443  25 
44155 
439  87 
43820 

436  55 
434  90 
433  27 
43  T  65 
43004 

42844 
426  85 
425  28 
423  71 
422  15 

420  61 
41907 

417  55 
416  04 

4M53 
+  41304 


2-2450608+44638 
2-2495246+44  3 

2^34  <«  ?3 
2.2^7  J4J53 


2-26721  80 
2-27160  14 
2-27596  90 
2-28032  09 
2-28465  72 

2-28897  80 
2-29328  34 

2-29757  35 
2-30184  84 
2-30610  81 

2-31035  29 
2-31458  26 
2-3187976 
2-32299  78 
2-3271833 


33135  42 
33551  °6 
33965  27 
34378  04 
34789  39 


2-35I99  33 
2-35607  86 
2-36014  99 
2-36420  74 
2-36825  10 

2-37228  09 
2-37629  72 
2-38029  99 
2-38428  91 
2-3882650 

2-39222  75 
2-39617  68 
2-40011  29 

2-40403  59 
2-40794  60 

2-41184  31 

2-4I572  74 
2-4195989 
2-42345  76 
2-4273°  38 

2-43II3  74 
2-43495  86 

2-43876  73 
2-4425637 

2-44634  78 


438  34 
43676 
435  19 
433  63 
43208 

430  54 
429  01 

427  49 
425  97 
42448 

42297 
421  50 
420  02 

4J8  55 
41709 

4*5  64 
414  21 
412  77 
411  35 
409  94 

40853 
407i3 
405  75 
40436 
40299 

401  63 

400  27 
39892 

397  59 
39625 

394  93 
393  6i 
392  30 
391  01 
38971 

38843 
3§7i5 
38587 
38462 
383  36 

382  12 
38087 
379  64 

37841 
37720 


•45°II98+375  98 


*  =  7 


2^l9^+4OI33 

2-35789  71  toSTi 
2-3618848  39»77 
2-3658598     397  50 


2-36982  22 

2-37377  19 
2-37770  92 
2-38163  41 
2-38554  65 

2-38944  67 

2-39333  46 
2-39721  03 
2-40107  39 
2-40492  54 

2-40876  49 
2-4125925 
2-41640  82 
2-42021  21 
2-42400  43 

2-42778  47 
2-43I55  35 
2-43531  07 
2-43905  65 
2-4427907 

2-44651  36 
2-45022  51 
2-45392  54 
2-45761  44 
2-46129  22 

2-46495  90 
2-46861  47 
2-47225  94 
2-4758932 
2-47951  60 

2-48312  81 
2-48672  94 
2-49032  00 

2-49389  99 
2-49746  92 

2-50102  79 

2-50457  61 
2-50811  39 
2-51164  13 
2-5151584 

2-51866  52 
2-52216  17 
2-52564  81 
2-5291243 
2-53259  05 

2-53604  66 


39624 

394  97 
393  73 
392  49 
39i  24 
390  02 

38879 

387  57 
38636 

385  15 
383  95 

38276 

38i57 
38039 
37922 
37804 

376  88 
375  72 
374  58 
373  42 
37229 

37i  I5 
37oo3 
368  90 

36778 
36668 

365  57 
364  47 
36338 
362  28 
361  21 

360  13 
359o6 
357  99 
356  93 
355  87 

354  82 
353  78 
352  74 
35i  7i 
350  68 

349  65 
34864 
34762 
346  62 
345  6i 

+344  62 
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(i+a2-2acosS)  7=(i- 


7       (0)      °°     («)    . 
r?)~^{lG\  +  S  G7  a*cos»S),     £  =  a2-f  (1 


2      p  =  l-00tol-50 

a)-     s  =  l,  1  =4  to  7 


I-OO 
I-OI 
1-02 
1-03 
1-04 

1-05 

1-06 

1-07 
I-OO 

1-09 

I-IO 

I'll 

I-I2 

1-13 

I-I4 

i-i5 
1-16 

I-I7 

1-18 
1-19 

1-20 
I-2I 
1-22 
1-23 
1-24 

1-25 

1-26 

1-27 
1-28 
1-29 

1-30 

i-3i 
1-32 

i-33 
i-34 

i-35 
i-36 

i-37 
1-38 

i-39 

1-40 
1-41 
1-42 
i-43 
1-44 

1-45 
1-46 
1-47 
1-48 
1-49 

1-50 


2-2571341 
2-26i7o68+457  27 

2-26626  IO   ^ro  c« 

2-2707968  45J5 
2-2753M3  «Q75 


2-27981  36 
2-28429  50 
2-28875  84 
2-29320  42 
2-29763  24 

2-30204  31 
2-30643  65 
2-31081  27 
2-31517  19 
2-31951  41 

2-32383  95 
2-32814  82 
2-33244  04 
2-33671  61 
2-34097  56 

2-34521  88 
2-34944  60 
2-35365  72 
2-35785  26 
2-36203  22 

2-36619  63 
2-37034  48 
2-37447  80 
2-37859  59 
2-38269  86 

2-38678  63 
2-39085  90 
2-39491  69 
2-39896  01 
2-40298  86 


2-40700 
2-41100 
2-41498 
2-41895 
2-42291 

2-42685 
2-43078 
2-43470 
2-43860 
2-44249 

2-44636 
2-45022 

2-45407 
2-45790 
2-46172 


25 
21 

73 
83 
5i 

79 

68 


30 
06 


47 
53 
25 
64 
7i 


448  14 
446  34 
444  58 
442  82 
44107 

439  34 
437  62 

435  92 
434  22 

432  54 

43087 
429  22 

427  57 
425  95 
424  32 

422  72 
421  12 

4r9  54 
41796 
416  41 

4!485 
413  32 
411  79 
410  27 
40877 

40727 

4°5  79 
404  32 
402  85 

4QI  39 

399  96 
39852 

397  IO 
395  68 
394  28 

392  89 
39i  50 
390  12 
388  76 

38741 

38606 
38472 
383  39 
382  07 
38076 


2-46553  47  +379  46 


2-35747  59 +4I304 
2-3616063^4  5    4 

2-3657219  4oo8 
2-36982  27 

2-37390  89 


408  62 
407  16 


2-37798  05 
2-38203  78 
2-38608  06 
2-39010  92 
2-3941237 

2-39812  41 
2-40211  05 
2-40608  31 
2-41004  18 
2-41398  69 

2-41791  83 
2-42183  62 

2-42574  °7 
2-42963  18 

2-43350  97 

2-43737  44 
2-44122  60 
2-44506  46 
2-44889  03 
2-45270  31 

2-4565032 
2-46029  06 
2-46406  54 
2-46782  77 
2-47I57  75 

2-47531  50 
2-47904  02 

2-48275  32 
2-48645  40 
2-49014  28 

2-49381  96 

2-49748  45 
2-50113  76 
2-50477  88 
2-50840  84 

2-51202  64 
2-51563  28 
2-51922  77 
2-52281  12 
2-52638  34 

2-52994  43 
2-53349  4° 
2-53703  25 
2-54056  00 
2-54407  65 

2-54758  20 


405  73 
404  28 
402  86 

4QI  45 
400  04 

39864 
397  26 
395  87 
394  51 
393  J4 

39i  79 
390  45 
389  11 
387  79 
38647 

38516 
38386 
38257 
381  28 
380  01 

378  74 
377  48 
37623 

374  98 
373  75 

37252 
37i  30 

370  08 
36888 
36768 

36649 

36531 
364  12 
362  96 
361  80 

360  64 
359  49 
358  35 
357  22 
35609 

354  97 
353  85 
352  75 
35i  65 
350  55 

+349  47 


2-4501198  g 

2-45387  96+375  98 

2-45762  74  \i\  1 

2-4613632  37350 

2-4650872  37240 
H   °      1       371  20 


2-46879  92 
2-47249  95 
2-4761881 
2-4798651 
2-48353  05 

2-48718  44 
2-49082  09 
2-49445  80 
2-49807  78 
2-50168  63 

2-50528  37 
2-50886  99 

2-5124451 
2-51600  94 
2-5195627 

2-52310  51 
2-52663  67 

2-53015  76 
2-53366  78 
2-537J6  74 

2-54065  64 

2-544I3  49 
2-54760  30 
2-55106  07 
2-55450  80 

2-55794  51 
2-56137  20 
2-56478  86 
2-56819  52 
2-57159  18 

2-57497  83 
2-57835  49 
2-58172  16 

2-58507  85 
2-58842  56 


2-59176 

2-59509 
2-59840 
2-60171 
2-60501 


•60830 
■61158 
'61485 
61811 
62137 


30 
07 
88 
73 
63 

58 

59 

£7 
81 

03 


37003 
36886 
36770 
36654 
365  39 

36425 
363  11 
361  98 
36085 
359  74 

358  62 
357  52 
356  43 
355  33 
354  24 

353  16 

35209 

351  02 
349  96 
34890 

347  85 
34681 

345  77 
344  73 
343  71 

342  69 
341  66 
340  66 
339  66 
33865 

33766 
33667 
335  69 
334  71 
333  74 

332  77 
33i  81 
33°  85 
32990 
32895 

328  01 
327  08 
326  14 
325  22 
32429 


2-62461  32  +323  38 


»  =  7 


2-53604 

2-53949 
2-54292 

2-54635 
2-54977 

2-553I7 
2-55657 
2-55996 

2-56334 
2-56670 

2-57006 

2-57341 
2-57675 
2-58008 
2-58340 

2-58671 
2-59002 
2-59331 
2-59659 
2-59987 

2-60313 
2-60639 
2-60964 
2-61288 
2-61611 

2-61933 
2-62254 
2-62574 
2-62894 
2-63213 

2-63530 

2-63847 
2-64163 
2-64478 
2-64793 

2-65106 
2-65419 
2-65731 
2-66042 
2-66352 

2-66661 
2-66970 
2-67278 
2-67585 
2-67891 

2-68196 
2-68500 
2-68804 
2-69107 
2-69409 


28+344  62 
90  343  62 
„  342  63 
\i  34i  66 
y  340  67 

86 
56 
30 

07 


74 
65 
62 

64 

74 

90 

14 
46 
86 
35 

93 
61 

3Q 
28 

28 

39 

63 
99 
47 
09 

85 
75 

79 
98 

33 

83 
50 
33 
33 
5i 

86 

39 
11 
02 
13 

43 
93 
63 
55 
68 


33970 
33874 

337  77 
33681 

335  86 

334  91 

333  97 
333  02 

332  10 

33i  16 

33024 

32932 
328  40 

327  49 
32658 

32568 
32478 
323  89 
323  00 
322  11 

321  24 
32036 
31948 
31862 

317  76 

316  90 
316  04 
315  19 
314  35 
313  50 

312  67 
3ii  83 
311  00 

310  18 

309  35 

30853 

30772 
306  91 
306  11 
30530 

30450 
30370 
302  92 
302  13 
301  34 

2-69711  02 


+300  56 
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(i  +a2—  2acosS)   5=(i— a2) 


7         (0)        ^       OS 

"4(iG?   +  S  G\  ofcosiS),    p  =  ix2- 
e       i=x    * 


p  =  1-50  to  200 


•5o 
•5i 
•52 
•53 

•54 

•55 
•56 

'5Z 

•58 

•59 

•60 
•61 
•62 

•63 

•64 

•65 

•66 
•67 
•68 
•69 

•70 

•72 
•73 
•74 

•75 
•76 

■77. 

•78 

•79 

•80 
•81 
•82 

13 

•84 

•86 
•87 
•88 
•89 

•90 
•91 
•92 
•93 
•94 

•95 

•96 

•97 
•98 

•99 

2-00 


2-46553  47 
2-46932  93 
2-47311  10 
2-47687  98 
2-48063  58 

2-48437  92 
2-48811  00 
2-49182  82 

2-49553  4° 
2-49922  75 

2-50290  87 
2-50657  77 
2-51023  46 

2-5I387  94 
2-51751  23 

2-52II3  33 

2-52474  25 
2-52834  00 

2-5319258 
2-5355ooo 

2-53906  27 
2-54261  40 

2-54615  39 
2-54968  25 

2-553x9  98 

2-55670  61 
2-56020  12 
2-56368  53 

2-5671585 
2-57062  08 

2-57407  23 
2-57751  30 
2-58094  31 
2-58436  26 
2-58777  14 

2-59116  98 
2-59455  78 
2-59793  54 
2-60130  27 
2-60465  98 

2 -60800  67 
2-6113435 
2-61467  02 
2-61798  69 
2-62129  36 

2-62459  05 
2-62787  75 
2-6311548 
2-63442  24 
2-63768  03 


-379  46 
378  17 
376  88 
375  6o 

374  34 

373o8 
371  82 

37058 

369  35 
36812 

366  90 
365  69 
36448 

36329 
362  10 

360  Q2 

359  75 
358  58 
357  42 
35627 

355  13 
353  99 
352  86 

35i  73 
35063 

349  51 
348  41 
347  32 
34623 

345  15 

344  07 
343  01 

341  95 
34088 

339  84 

338  8o 
337  76 
336  73 
335  7i 
334  69 

333  68 
33267 
33i  67 
33067 
32969 

328  70 

327  73 
326  76 

325  79 
32483 


2-64092  86  +323  g8 


*  =  5 


2-5475820 
2-5510767+34947 

2-55456  05   34  3 
2-55803  36   347  31 
2-56149  61  346  25 


2-56494  79 
2-56838  91 
2-57181  99 
2-5752402 
2-57865  02 

2-58204  98 

2-58543  92 
2-58881  84 
2-59218  74 
2-59554  64 

2-59889  53 
2-60223  43 
2-60556  34 
2-60888  26 
2-61219  20 

2-61549  17 
2-61878  17 
2-62206  21 
2-62533  29 
2-62859  42 

2-63184  60 
2-63508  84 
2-63832  14 
2-6415452 
2-64475  96 

2-64796  49 
2-65116  10 
2-65434  80 
2-65752  60 
2-66069  5° 

2-66385  50 
2-66700  60 
2-67014  83 
2-67328  17 
2-67640  64 

2-67952  23 
2-68262  96 
2-68572  82 
2-68881  83 
2-69189  98 

2-69497  29 
2-69803  75 
2-70109  37 
2-70414  15 
2-70718  11 


344  12 
343o8 
342  03 
34 1  00 
339  96 


33894 

33792 

33690 

33590 

33489 

33390 

332  91 

33 1  92 

330  94 

329  97 

329  00 

328  04 
32708 

326  13 

32518 

32424 

32330 

322  38 

32M4 

32053 

319  61 

31870 

31780 

31690 

316  00 

315  10 

3*4  23 

313  34 
31247 

3ii  59 

31073 
309  86 
309  01 
308  15 
30731 

306  46 
305  62 
30478 
30396 

303  13 


i  =  6 


2-62461  32+,2,  08 

3&£P  ill 


64069  14 
64388  00 
64705  98 
65023  07 
65339  29 


2-65654  63 
2-65969  10 
2-66282  71 
2-66595  45 
2-66907  34 

2-6721838 
2-67528  57 
2-67837  92 
2-68146  42 
2-68454  10 

2-68760  94 
2-69066  96 
2-69372  15 
2-69676  53 
2-69980  09 

2-70282  84 
2-70584  79 
2-70885  94 
2-71186  29 
2-71485  84 

2-71784  61 
2-72082  59 

2-72379  79 
2-72676  21 
2-72971  86 

2-73266  74 
2-73560  85 

2-73854  20 
2-74146  79 
2-74438  62 


•71021  24  .  „„„  „_ 
'     ^4-30231 


74729  7i 
75020  05 

75309  64 
75598  50 
75886  61 

76174  00 
76460  65 
76746  58 
77031  79 
7731628 


31886 
317  98 
31709 
316  22 

3*5  34 

314  47 
3i3  61 
312  74 
311  89 
311  04 

310  19 

309  35 
30850 
30768 
30684 

306  02 
305  19 
30438 
30356 
30275 

30195 
301  15 
30035 
299  55 
298  77 

29798 
297  20 
296  42 

295  65 
29488 

294  " 
293  35 
292  59 
291  83 
291  09 

29034 
28959 
288  86 
288  11 
28739 

28665 
28593 
285  21 
28449 
28377 


2-77600  05 +2g3o6 


2-6971102      6 
2-7001158+3   5 

2-7031137  zll'ol 
2-7061039  2$ 
2-7090864   «   § 


2-71206  12 
2-71502  84 
2-71798  80 
2-72094  01 
2-72388  46 

2-72682  17 

2-72975  13 
2-73267  36 
2-7355884 
2-73849  59 

2-74139  62 
2-7442891 
2-7471748 
2-75005  33 
2-75292  47 

2-75578  89 
2-75864  60 
2-76149  61 

2-76433  9I 
2-7671751 

2-77000  41 
2-77282  62 
2-77564  14 

2-7784497 
2-78125  12 


78404  58 
78683  37 
78961  48 
7923891 
79515  68 


2-79791  79 
2-80067  23 
2-80342  00 
2-80616  13 
2-80889  59 

2-81162  41 
2-8143458 
2-81706  10 
2-81976  98 
2-82247  22 

2-8251682 
2-82785  79 
2-83054  12 
2-83321  83 
2-8358891 


296  72 
295  96 
295  21 
294  45 
293  71 

292  96 
292  23 
291  48 
29075 
290  03 

289  29 

28857 
28785 
287  14 
286  42 

28571 
285  01 
284  30 
28360 
282  90 

282  21 
281  52 
28083 
280  15 
27946 

278  79 
278  11 

277  43 
276  77 
276  11 

275  44 

274  77 
274  13 
273  46 

272  82 

272  17 
271  52 
27088 
270  24 
269  60 

268  97 
26833 
267  71 
267  08 
266  46 


2-83855  37  +265  g4 
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LogG7 
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(1  +a2—  2acosS)  *=(i  —  a2)" 


aof- 


00      (*)    • 

S  G?  a'cosj'5) 


=  a"  -f-   1 


■a2). 


p  =200  to  2-50 

s  =  I,  i  =  4  to  7 


*  =  4 


2-00 
2-OI 
2-02 
203 
2-04 

2-05 

2-06 

2-07 

2-08 

2-Og 

2-IO 
2-II 
2*12 
2-13 
2-I4 

2-15 
2-16 

2-17 
2-18 

2-19 

2-20 
2-21 
2-22 
2-23 
2-24 

2-25 
2-26 
2-27 
2-28 
2-29 

2-30 
2-3I 
2"32 

2-33 
2-34 

2-35 
2-36 

2-37 
2-38 

2-39 

2-40 

2-41 

2-42 

2-43 
2-44 

2-45 
2-46 
2-47 
2-48 
2-49 

2-50 


2-64092 
2-64416 
2-64739 
2-65061 
2-65382 

2-65702 
2-66022 
2-66340 
2-66657 
2-66974 


?2+323  88 
67     322  93 

70  32105 

'   320  II 


67289 
67604 

67917 
68230 

68542 


2-68853 

2-69164 

2-69473 

2-69781 
2-70089 


2-70396 
2-70702 
2-71007 
2-71311 
2-71614 


81 

00 

26 
61 
05 

58 

21 

94 

79 
74 

82 
01 

3,4 
80 

40 

14 
03 
07 

26 
62 


2-71917  14 
2-72218  83 
2-72519  70 
2-72819  75 
2-7311898 

2-7341740 
273715  01 
2-74011  82 

2-74307  83 
2-74603  05 

2-74897  47 
2-75191  11 

2-75483  96 
2-75776  04 
2-76067  35 

2-76357  88 
2-76647  65 
2-76936  65 
2-77224  90 
2-7751239 

2-77799  13 
2-78085  13 
2-78370  38 
2-78654  90 
2-78938  67 

2-79221  72 


319  19 
31826 

317  35 

310  44 
315  53 

31463 

313  73 
31285 

3ii  95 

311  08 

310  19 

309  33 
308  46 
307  60 
30674 

30589 
30504 

3°4  19 
30336 
302  52 

301  69 
300  87 
300  05 
299  23 
298  42 

297  61 
29681 
296  01 
295  22 
29442 

293  64 
292  85 
292  08 
291  31 
29053 

28977 
289  00 
28825 
28749 
28674 

286  00 
285  25 
284  52 
28377 
+  28305 


*  =  5 


2-71021 

2-71323 
2-71625 
2-71925 
2-72225 

2-72524 
2-72822 
2-73120 
2-73417 
2-73712 

2-74008 
2-74302 

2-74595 
2-74888 
2-75180 


24 

55 
°4 
72 
58 

65 
9i 
38 
05 
94 

04 
36 
9i 
68 

69 


2-75471  93 
2-75762  41 
2-76052  13 
2-76341  10 
2-76629  32 

2-76916  80 
2-77203  53 
2-77489  53 
2-77774  79 

2-7805933 

2-78343  13 
2-78626  21 
2-78908  58 
2-79190  22 
2-79471  16 

2-79751  38 
2-80030  90 
2-80309  72 
2-80587  84 
2-80865  26 


2-81141 
2-81418 
2-81693 
2-81968 
2-82242 

2-82515 
2-82788 
2-83060 
2-83331 
2-83601 

2-83871 
2-84141 
2-84410 
2-84678 
2-84945 


99 
03 
39 
07 

07 

39 

04 
02 

34 
99 

99 

33 
01 

05 


+  3°2  31 
301  49 
300  68 
299  86 
299  07 

298  26 
29747 
2q6  67 

295  89 
295  10 

29432 
29355 

292  77 
292  01 
291  24 

290  48 
289  72 
28897 
28822 
28748 

28673 
286  00 
285  26 
28454 
283  80 

28308 
282  37 
281  64 
280  94 
280  22 

27952 
27882 
278  12 
27742 
27673 

276  04 

275  36 
27468 
274  00 
273  32 

272  65 
271  98 
271  32 
270  65 
270  00 


2693 
2686 
268  04 
267  39 


44+26674 
2-85212  18 


77600 

77883 
78165 

78447 
78728 

79008 
79287 
79566 
79844 
•80122 


°5  +283  06 

\\     28165 

05     2^°94 
D     280  25 


2-80399 
2-80675 
2-80950 
2-81225 
2-81499 


30 

85 
7i 
88 

37 

17 
29 
74 
52 
63 


2-81773  07 
2-82045  84 
2-82317  96 
2-82589  42 
2-82860  23 

2-83130  38 

2-83399  89 
2-83668  75 

2-8393697 
2-84204  54 

2-84471  49 
2-84737  80 
2-85003  48 
2-85268  53 
2-85532  96 

2-85796  76 
2-86059  95 
2-86322  52 
2-86584  47 
2-86845  82 

2-87106  56 
2-87366  69 
2-87626  22 
2-87885  15 
2-88143  48 

2-88401  22 
2-88658  37 
2-88914  92 
2-89170  89 
2-89426  28 

2-89681  09 

2-89935  31 
2-90188  96 
2-90442  04 
2-90694  54 

2-90946  48 


279  55 
278  86 
278  17 
27749 
276  80 

276  12 

275  45 
27478 
274  11 
273  44 

272  77 
272  12 
271  46 
270  81 
270  15 

269  51 
268  86 
268  22 
26757 
26695 

266  31 
26568 
265  05 

26443 
263  80 

263  19 
262  57 
261  95 
261  35 

260  74 

260  13 
259  53 
25893 
25833 
257  74 

257  15 
25655 
255  97 
255  39 
25481 

254  22 
25365 
25308 
252  50 
+  251  94 


1  =  7 


2-83855 
2-84121 
2-84386 
2-84651 
2-84915 

2-85178 
2-85441 
2-85703 
2-85964 
2-86225 

2-86486 
2-86746 
2-87005 
2-87263 
2-87521 


^+26584 

265  22 

43  264  60 

3  264  00 

°3  26338 


2-87779 
2-88036 
2-88292 
2-88548 
2-88803 


4i 
19 
36 

93 
90 

27 
05 
24 

f3 
85 

27 
12 

39 
08 
20 


89057 
893 1 1 

89565 
89817 
90070 


262  78 
262  17 
261  57 
260  97 
26037 

259  78 
259  19 
25859 
258  02 

257  42 

25685 
256  27 
255  69 
255  12 
254  54 

253  98 

253  41 
25284 
252  28 
251  73 

251  16 
250  61 
250  06 

24951 
248  96 

24841 

247  §8 

247  33 
24679 
24625 

245  72 
245  19 
244  66 

244  13 
24360 

243  08 
242  56 
242  04 
241  52 
241  01 

2-95242  45  24049 

2-9548294  23999 

2-95722  93  23947 

2-9596240  &+' 

2-9620137+23846 
2-96439  83 


2-90321 

2-90573 
2-90823 
2-91073 
2-91323 


74 
72 
13 
97 
25 

98 
14 
75 
81 

32 


2-91572  28 
2-91820  69 
2-92068  57 
2-92315  90 
2-92562  69 

2-92808  94 
2-93054  66 
2-93299  85 

2-93544  5i 
2-93788  64 

2-94032  24 

2-94275  32 
2-9451788 

2-94759  92 
2-95001  44 
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TABLE   IV. 


LogGJ? 


(i  +a2-2<xcosS)"*=  (i  -a2) 


i        (0)      °°      (»)    . 
'%G*  +  S  Gra'cosiS), 


;-(i-a2). 


p  =  00  to  -50 
i'  =  8  to  11 


7_ 
2> 


•oo 

•OI 
•02 

•03 
•04 

•05 
•06 
•07 
•08 
•09 

•IO 
•II 
•12 

•13 

•I4 

•15 
•16 
•17 
•l8 
•19 

•20 
•21 
•22 

•23 
•24 

•25 
•26 

'2Z 
•28 

•29 

•30 
•31 
•32 
•33 

•34 

•35 
•36 

•37 

•38 

•39 

•40 

•41 
•42 
•43 
•44 

•45 
•46 

•48 

•49 
•50 


2-24945 
2-25367 

2-25787 
2-26206 
2-26624 


2-27041 
2-27456 
2-27871 

2-28283 

2-28695 


92  +42I 60 
87  42035 

96  4I9II 


84 

i6 
85 
01 

94 
64 


29106 

29515 
29923 

30330 


13 
40 
47 

2-30735  98 


2-3114043 
2-3I543  70 
2-3I945  77 
2-32346  66 
2-32746  37 

2-33144  90 
2-33542  26 
2-33938  45 
2-34333  48 
2-34727  35 

2-3512007 
2-35511  64 
2-35902  06 
2-36291  34 
2-36679  49 

2-37066  50 
2-37452  39 

2-37837  15 
2-38220  80 
2-38603  33 

2-38984  75 
2-39365  07 
2-39744  29 
2-40122  41 
2-40499  44 

2-40875  39 
2-41250  25 
2-41624  04 
2-41996  75 
2-42368  40 

2-42738  98 
2-43108  50 
2-4347696 

2-43844  38 
2-44210  74 

2-44576  07 


41786 
416  62 

4J5  39 
414  16 

412  93 
411  70 
41049 

40927 
408  07 
406  85 
405  66 

404  45 

40327 
402  07 
400  89 
399  71 
398  53 

397  36 
396  19 
395  03 
393  87 
392  72 

39i  57 
39042 
38928 
38815 
38701 

38589 
38476 
38365 

38253 
381  42 

380  32 
37922 
378  12 
377  03 
375  95 

374  86 
373  79 
372  71 
37i  65 
37058 

36952 
36846 
36742 
36636 
365  33 

+  364  29 


1  =  9 


2-35591  45  ,  o7Q  -T 

2-3597Q  96  ^2^2 

2-36349  48  378  52 

2-3672701  I'L*5 
2-3710356  376  55 


2-37479  12 

2-37853  70 
2-38227  31 

2-38599  93 
2-38971  59 

2-39342  27 
2-39711  98 
2-40080  73 
2-40448  52 
2-40815  35 

2-41181  22 
2-41546  13 
2-41910  09 
2-42273  10 
2-42635  17 

2-42996  29 

2-43356  47 
2-43715  71 
2-44074  02 
2-44431  40 

2-44787  84 
2-45I43  36 
2-45497  96 
2-45851  64 
2-46204  39 

2-46556  24 
2-46907  17 
2-47257  20 
2-47606  32 

2-47954  54 

2-48301  86 
2-48648  29 
2-48993  82 
2H9338  46 
2-49682  21 

2-50025  08 
2-50367  07 
2-50708  18 
2-51048  41 
2-51387  78 

2-51726  27 
2-52063  90 
2-52400  67 

2-5273657 
2-53071  62 

2-53405  82 


374  58 
373  61 
372  62 
371  66 
37068 

369  71 
368  75 
367  79 
36683 

36587 

36491 
36396 
363  01 
362  07 
361  12 

360  18 
359  24 

35831 
357  38 
356  44 

355  52 

354  6o 
353  68 

352  75 
35185 

350  93 
35003 

349  12 
348  22 
347  32 

34643 
345  53 
344  64 
343  75 
34287 

341  99 
341  " 
34023 
339  37 
338  49 

337  63 
336  77 
335  90 
335  05 
334  20 

+  333  35 


10 


2-45282  45      6 
2-45627  51 +345 

2-4597177  344 

I'^lMll     342  66 
2-4665788  g  8 


2-46999  73 

2-4734°  79 
2-47681  06 
2-48020  53 
2-48359  20 

2-48697  09 
2-49034  19 
2-4937°  5o 
2-49706  02 
2-50040  76 

2-50374  72 
2-50707  90 
2-51040  30 
2-51371  92 
2-51702  77 

2-52032  85 
2-52362  16 
2-52690  70 
2-5301847 
2-53345  48 

2-53671  72 
2-53997  21 
2-54321  93 
2-54645  90 
2-54969  12 

2-55291  58 

2-55613  29 

2-55934  25 
2-56254  47 

2-56573  94 

2-56892  67 
2-57210  66 
2-57527  9I 
2-57844  42 
2-58160  20 

2-58475  25 

2-5878957 
2-59103  16 
2-59416  02 
2-59728  16 

2-60039  58 
2-60350  28 
2 -60660  27 
2-60969  54 
2-61278  09 

2-61585  94 


341  °6 
34°27 
339  47 
33867 

337  89 

337  10 
33631 
335  52 
334  74 
333  96 

333  18 
33240 
33i  62 
33085 
33008 

32931 
32854 

327  77 
327  01 
32624 

325  49 
32472 
323  97 
323  22 
32246 

321  71 
320  96 
320  22 
319  47 
3i8  73 

317  99 

31725 
31651 
315  78 
31505 

3H32 
313  59 
31286 
312  14 
311  42 

310  70 
30999 
30927 

30855 
.307  85 

+  307  14 


11 


2-5417656  6 

2-54492  90  ^Tc  68 

2-5480858  3  5  68 

2-55123  59  3  5 
2-55437  95 


55751  64 
56064  67 

56377  °4 
56688  76 
56999  82 


2-57310  22 

2-5761997 
2-57929  06 
2-5823751 
2-58545  3° 

2-58852  44 
2-59158  94 

2-59464  79 
2-59769  99 
2-60074  55 


60378  46 
60681  73 
60984  36 
61286  35 
61587  71 


2-6188843 
2-6218851 
2-62487  96 
2-62786  77 
2-63084  96 

2-63382  51 
2-63679  44 

2-63975  74 
2-64271  41 
2-64566  46 

2-64860  89 
2-65154  70 
2-65447  89 
2-65740  46 
2-66032  41 

2-66323  75 
2-66614  48 
2-66904  59 
2-67194  09 
2-67482  99 


67771  28 
68058  96 
68346  04 
6863251 
6891839 


3J3  69 

31303 

312  37 
3ii  72 
311  06 
31040 

309  75 
30909 
3°8  45 
3°7  79 
3°7  14 

30650 
30585 
3°5  20 
304  56 
303  91 

30327 
302  63 
301  99 
301  36 
30072 

300  08 

299  45 
29881 
298  19 
297  55 

296  93 
296  30 
295  67 
29505 
294  43 

293  81 

293  i9 
29257 

291  95 
291  34 

29073 
290  11 
289  50 
28890 
28829 

28768 
28708 
28647 
285  88 
285  27 


2-69203  66 +2g468 


TABLE   IV.    LogGV 


m 
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(i+a2-2occosS)  *=(i-a2)  *(£Gt  +IG,  a'coszS),     £  =  a2H-  (1  -a2).  7    . 

*  4  =  1        *  S  —   77,     {— O     tO    11 


i  =  8 


•50 
•51 
•52 
•53 

•54 

•55 
•56 

"5Z 
•58 

•59 

•60 
•61 
•62 

•63 

•64 

•65 
•66 
•67 
•68 
•69 

•70 
•71 
•72 
•73 
•74 

■75 
•76 

'72 

•78 

79 

•80 
•81 
•82 

13 

•84 

•|5 
•86 


•89 

•90 
•91 
•92 
•93 
•94 

•95 

•96 
•97 
•98 
•99 

i-oo 


2-44576  07 
2-4494°  36 
2-45303  61 
2-45665  84 
2-46027  04 

2-46387  22 

2-46746  39 
2-4710455 
2-47461  70 
2-4781784 

2-48172  99 
2-48527  14 
2-4888031 
2-49232  49 
2-49583  69 

2-49933  9i 
2-50283  16 
2-50631  45 
2-50978  77 
2-51325  13 

2-51670  53 
2-52014  98 

2-52358  49 
2-52701  06 
2-53042  68 

2-53383  37 
2-53723  14 
2-54061  97 

2-54399  88 
2-54736  88 

2-55072  96 
2-55408  13 

2-55742  39 
2-56075  76 
2-56408  22 


2-56739 
2-57070 
2-57400 
2-57729 
2-58057 

2-58384 
2-58710 
2-59036 
2-59360 
2-59684 

2-60007 
2-60329 
2-60650 
2-60970 
2-61290 


79 
47 
27 
18 
21 


37 
66 
08 
64 
34 

19 

18 

33 

63 
09 


2-61608  72 


+  364  29 
36325 
362  23 
361  20 
360  18 

359  17 
358  16 

357  15 
356  14 
355  15 

354  15 
353  17 
352  18 

35 1  20 
35022 

349  25 
34829 

347  32 
34636 
345  4o 

344  45 
343  51 
342  57 
341  62 

34069 

339  77 
33883 

337  91 
337  00 
33608 

335  17 
334  26 

333  37 
33246 
33157 

330  68 
329  80 
328  91 
32803 
327  16 

326  29 
325  42 
324  56 
32370 
322  85 

321  99 
321  15 
32030 
319  46 
31863 

+  317  79 


2-5340582 

2-53739  17   0,2  4Q 
2-5407I66   |32  49 

2-54403  32 

2-54734  13 


330  81 

329  97 


55064  10 

55393  24 
55721  55 
56049  03 

56375  68 


2-56701  51 
2-57026  52 
2-57350  7I 
2-57674  09 
2-57996  66 


58318  42 
58639  37 
58959  53 
59278  88 

59597  44 


2-59915  21 
2-60232  19 
2-60548  38 
2-60863  79 
2-61178  42 

2-61492  27 
2-61805  34 
2-62117  65 
2-62429  18 
2-62739  95 

2-63049  96 
2-63359  21 
2-63667  69 

2-63975  43 
2-64282  41 

2-64588  65 
2-64894  13 
2-65198  88 
2-65502  89 
2-65806  16 

2-66108  69 
2-66410  49 
2-66711  57 
2-67011  92 
2-6731155 

2-67610  45 
2-67908  64 
2-68206  12 
2-68502  88 
2-68798  94 


329  14 
32831 
32748 
32665 
32583 

32501 
324  J9 
323  38 

322  57 
321  76 

320  95 
320  16 

319  35 
31856 

317  77 

31698 
316  19 

315  41 
31463 
31385 

31307 
312  31 

311  53 
31077 
310  01 

30925 
30848 

307  74 
306  98 
30624 

30548 

304  75 
304  OI 

303  27 
30253 

301  80 
301  08 

30035 
29963 

298  90 
298  19 

29748 

296  76 
296  06 

29535 


10 


2-69094  29 +29465 


2-61585  94 
2-61893  08 
2-62199  51 
2-62505  24 
2-62810  27 

2-63114  60 
2-63418  23 
2-63721  16 
2-64023  40 
2-64324  96 

2-64625  82 
2-64926  00 
2-65225  49 
2-65524  30 
2-65822  43 

2-6611988 
2-66416  66 
2-66712  76 
2-67008  20 
2-67302  96 

2-67597  06 
2-67890  49 
2-68183  26 
2-68475  38 
2-68766  83 

2-69057  62 

2-69347  77 
2-69637  26 
2-69926  10 
270214  30 

270501  85 
270788  76 
271075  03 
271360  65 
271645  65 


71930  01 
72213  73 
72496  83 

72779  30 
73061  14 


2-73342  36 
273622  96 
273902  94 
274182  30 
274461  05 

274739  18 
275016  70 
275293  62 
275569  93 
2-75845  63 

276120  73 


+  307  14 
30643 

305  73 
30503 

304  33 

30363 
302  93 
302  24 

3QI  56 
300  86 

300  18 

299  49 
29881 
298  13 
297  45 

296  78 
296  10 

295  44 
29476 
294  10 

293  43 

292  77 
292  12 

291  45 
290  79 

290  15 
28949 
28884 
28820 
28755 

28691 
286  27 
28562 
285  00 
28436 

283  72 
283  10 
282  47 
281  84 
281  22 

280  60 
279  98 
27936 

27875 
278  13 

27752 
276  92 
276  31 
275  70 
275  10 

+274  50 


%  =  11 


2-69203  66 
2-69488  34 
2-69772  42 
270055  90 
2-70338  79 

2-70621  09 
270902  80 
271 183  92 
271464  46 
271744  40 

272023  77 
272302  55 
272580  76 
272858  38 
273135  43 

273411  90 
273687  80 
273963  13 
274237  88 
2-74512  07 

2-74785  69 
275058  74 
2-75331  23 
2-75603  16 

2-75874  53 

2-76145  33 

2-76415  58 
2-76685  27 
276954  41 
277223  00 

277491  03 

2-77758  5I 
278025  45 
278291  84 
278557  68 

278822  99 
279087  75 

2-79351  96 
279615  65 
279878  79 

2-80141  40 
2-80403  48 
2-80665  02 
2-80926  03 
2-8118652 

2-81446  47 
2-81705  91 
2-81964  81 
2-82223  20 
2-82481  06 

+28468 
28408 
28348 
282  89 

282  30 
281  71 

28l  12 
280  54 
27994 
27937 

27878 
278  21 
277  62 

277  05 
27647 

275  90 

275  33 
274  75 
274  *9 
273  62 

27305 
272  49 
271  93 
271  37 
270  80 

270  25 
269  69 
269  14 
26859 
268  03 

267  48 
266  94 
266  39 
265  84 
265  31 

264  76 
264  21 
263  69 
263  14 
262  61 

262  08 
261  54 
261  01 
260  49 

259  95 

259  44 
258  90 

25839 
25786 

257  35 


2-82738  41  +256  g3 


BB 
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2" 


I-OO 
I-OI 
1-02 
1-03 
1-04 

I -05 

1-06 

1-07 

1-08 
1 -09 

I-IO 

I'll 

I-I2 

1-13 
1-14 

1*15 
1-16 

I-I7 

1-18 
i-ig 

1-20 
I-2I 
1-22 
1-23 

1-24 
1-25 

1-26 

1-27 
1-28 
1-29 

1-30 

1-32 
1-33 
J-34 

i-35 

1-36 

1-37 
1-38 

i-39 

1-40 
1-41 
1-42 

i'43 

1-44 

i-45 
1-46 
1-47 
1-48 
1-49 


TABLE   IV.     LogG,' 

(i+a2-2acosS)^=(i-^)--(^0)+  S  GfatcosiS),    ^  =  a^(i-a2)     P  =  100  to  1-50 

4=1  T  s  =  |,  1  =  8  toll 


i  =  8 


2-61608  72 
2-6192651 
2-62243  48 
2-62559  62 
2-62874  94 

2-6318944 
2-63503  12 
2-63816  00 
2-64128  06 
2-°4439  33 

2-64749  79 
2-65059  46 
2-65368  33 
2-6567641 
2-65983  71 

2-66290  23 
2-66595  96 
2-66900  92 
2-67205  11 
2-67508  53 

2-67811  18 
2-68113  °7 
2-68414  20 
2-68714  58 
2-69014  21 

2-69313  08 
2-69611  21 
2-69908  60 
2-70205  25 
2-70501  16 

2-70796  34 
2-71090  79 
2-7138451 
2-7167751 
2-71969  79 

2-72261  35 
272552  20 
2-72842  34 

2-73131  77 
2-73420  50 

2-73708  52 

2-73995  85 
2-74282  48 
2-74568  41 
2-74853  66 

2-7513822 
2-75422  10 

2-75705  30 
2-75987  81 
2-76269  66 


1-50    2-7655083 


+  317  79 
31697 
316  14 
315  32 
3M50 

31368 
312  88 
312  06 
311  27 
31046 

30967 
30887 
308  08 
30730 
30652 

305  73 
30496 

304  19 
30342 
30265 

301  89 

301  13 
30038 
29963 
29887 

29813 

297  39 
296  65 

295  91 
295  18 

294  45 
293  72 
293  00 
292  28 
291  56 

290  85 
290  14 
28943 
28873 
28802 

28733 
28663 

28593 
285  25 

28456 

283  88 
283  20 
282  51 
281  85 
281  17 


1  =  9 


2-69094  29 
2-69388  94 
2-69682  88 
2-69976  13 
2-70268  69 

2-70560  55 
2-70851  72 
2-71142  20 
2-71432  00 
2-71721  12 

2-72009  56 
2-72297  32 
2-72584  41 
2-72870  83 
2-7315658 

2-73441  66 
2-73726  08 
2-74009  84 
2-74292  94 
2-74575  39 

2-74857  18 
2-7513832 
2-7541882 
2-75698  67 
2-75977  88 

2-7625644 

2-76534  37 
2-76811  67 

2-77088  33 
2-77364  36 

2-77639  76 

2-779I4  54 
278188  69 

2-78462  23 
2-78735  14 

2-79007  44 
2-79279  13 
2-79550  20 
2-79820  67 
2-80090  52 

2-80359  78 
2-80628  43 
2-80896  49 
2-81163  94 
2-81430  80 


+  280  50 


2-81697  °7 
2-81962  75 
2-82227  84 
2-82492  35 
2-8275627 


(-294  65 
293  94 
293  25 
292  56 
291  86 

291  17 
290  48 
289  80 
289  12 
28844 

287  76 
287  09 
28642 
28575 
28508 

284  42 
28376 
283  10 
28245 
281  79 

281  14 
280  50 
27985 
279  21 
27856 

277  93 
277  30 
276  66 
276  03 

27540 

274  78 
274  15 

273  54 
272  91 
272  30 

271  69 
271  07 

27047 
26985 
269  26 

26865 
26806 
26745 
26686 
266  27 


26568 
265  09 
26451 
263  92 
26334 


2-83019  61  +262  ?6 


1  =  10 


2-76120 
2-76395 
2-76669 
2-76942 
2-77215 

2-77487 
2-77758 
2-78029 
278300 
2-78569 

2-78839 
2-79107 
2-79375 
2-79643 
2-79910 


II  +274  50 

A   273  90 

44      273  31 

H       272  71 
J      272  12 


V 
80 

74 
09 


05 
66 

69 
H 
03 


2-80176 
2-80442 
2-80707 
2-80971 
2-81235 


33 

°7 

89 


2-8149937 
2-81762  29 
2-82024  65 
2-8228645 
2-82547  7o 

2-82808  40 
2-83068  55 
2-83328  15 
2-83587  20 
2-83845  71 

2-84103  67 
2-84361  09 
2-84617  98 
2-84874  32 
2-85130  14 

2-85385  41 
2-85640  16 
2-85894  38 
2-86148  07 
2-86401  23 

2-86653  87 
2-86905  99 
2-8715758 
2-87408  66 
2-87659  22 

2-87909  27 
2-88158  80 
2-88407  82 

2-8865633 
2-88904  33 

2-89151  83 


27153 
27094 
27035 
26977 
269  19 

26861 
268  03 

26745 
266  89 
266  30 

265  74 
265  17 
264  61 
264  04 
26348 

262  92 
262  36 
261  80 
261  25 
260  70 

260  15 
25960 
25905 

25851 
257  96 

257  42 
25689 

25634 
25582 

25527 

254  75 
25422 
25369 
253  16 
25264 

252  12 

251  59 
251  08 

25056 
25005 

249  53 
249  02 
248  51 
248  00 
247  50 


+  246  99 


1  =  11 


2-8273841 
2-82995  24 
2-83251  55 
2-83507  35 
2-83762  63 

2-84017  41 
2-84271  67 

2-84525  43 
2-84778  68 
2-85031  42 

2-85283  66 

2-85535  40 
2-85786  64 
2-86037  38 
2-86287  62 

2-86537  37 
2-86786  62 
2-87035  38 
2-87283  65 
2-8753i  43 

2-87778  72 
2-88025  53 
2-88271  85 
2-8851768 
2-88763  04 

2-89007  92 
2-89252  31 
2-89496  23 
2-89739  68 
2-89982  64 

2-90225  14 
2-90467  16 
2-90708  72 
2-90949  81 
2-9119042 

2-9143058 
2-91670  27 
2-91909  49 
2-92148  26 
2-92386  56 

2-92624  41 
2-92861  80 
2-93098  73 
2-93335  21 
2-93571  24 

2-93806  82 
2-94041  94 
2-94276  62 
2-9451085 
2-94744  64 


+  25683 

25631 
25580 
25528 
254  78 

25426 

253  76 

25325 

25274 
25224 

251  74 
251  24 

25074 
250  24 

249  75 

24925 
24876 
248  27 
24778 
24729 

246  81 
24632 
24583 
245  36 
244  88 

244  39 
243  92 

243  45 
242  96 
24250 

242  02 
24156 
241  09 
240  61 
240  16 

23969 
239  22 

23877 
23830 

23785 

237  39 
23693 
23648 
23603 
235  58 


2-94977  98 


235  12 
23468 
23423 
233  79 
233  34 


+  232  90 


TABLE   IV. 
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(1  +<x2—  2acosS)~^=  (1 


7        (0)       °°      (») 


r  a*cos«'S), 


p  =  a2^(i 


„,      p=s  1-50  to  2-00 

■  a  1 

;"  s  =  l,  i  =  8  toll 


1-50 

i-5i 
1-52 

i-53 
i-54 

i-55 
1-56 

1.56 

i-59 


i  =  8 


•60 
•61 
■62 
•63 
■64 


■65 

•66 

•6 

6 

69 


1-70 
1-71 

1-72 

i-73 
1-74 

i-75 
1-76 
1-77 
178 
1-79 


■80 

•81 

•82 

■§3 
84 

85 
86 
87 
88 
89 


1-90 
1-91 
1-92 

i-93 
1-94 

i-95 
1-96 
1-97 
1-98 
1-99 

2-00 


2-76550  83  g 

2-76831  33  +f7°958°4 

279  17 
27851 

27785 


2-77111  17 
2-7739Q  34 
2-77668  85 


77946  70 
78223  90 
7850o  45 
78776  35 
79051  59 

79326  20 
79600  16 

79873  49 
80146  18 
2-80418  24 

2-80689  66 
2-80960  46 
2-81230  63 
2-81500  18 
2-81769  11 

2-82037  42 
2-82305  12 
2-82572  20 
2-8283867 
2-8310454 

2-83369  80 
2-83634  46 
2-83898  52 
2-84161  98 
2-84424  85 

2-84687  12 
2-84948  81 
2-85209  90 
2-85470  42 
2-85730  35 

2-85989  70 
2-86248  47 
2-86506  66 
2-86764  29 
2-87021  34 

2-87277  82 

2-87533  74 
2-87789  09 
2-88043  88 
2-88298  11 

2-88551  78 
2-88804  90 
2-89057  47 
2-89309  48 
2-89560  95 


277  20 

27655 
275  90 

27524 
274  61 

27396 

273  33 
272  69 
272  06 
271  42 

270  80 
270  17 

26955 
268  93 

26831 

267  70 
267  08 
266  47 
26587 
265  26 

264  66 
264  06 
263  46 
262  87 
262  27 

261  69 
261  09 
260  52 
259  93 
259  35 

25877 
258  19 

25763 
25705 
25648 

255  92 
255  35 
254  79 
25423 
25367 

253  12 

25257 
252  01 

25147 
25092 


2-89811  87 +25038 


2-83019  61   6   6 
2-83282  37  T  6  / 

2-83544  56 
2-83806  17 
2-84067  21 


9 
261  61 
261  04 
260  47 


2-84327  68 
2-84587  58 
2-84846  91 
2-85105  69 
2-85363  90 

2-85621 55 

2-85878  64 
2-86135  18 
2-86391  17 
2-86646  60 

2-86901  49 
2-87155  83 
2-87409  63 
2-87662  88 
2-87915  60 

2-88167  77 
2-88419  41 
2-88670  51 
2-88921  09 
2-89171  13 

2-89420  64 
2-89669  63 
2-89918  09 
2-90166  04 
2-90413  46 

2-90660  36 
2-90906  75 
2-91152  62 

2-9I397  98 
2-91642  83 

2-91887  17 
2-92131  00 

2-92374  33 
2-92617  15 

2-92859  48 

2-93101  30 
2-93342  63 
2-93583  46 
2-93823  80 
2-94063  64 

2-94303  00 
2-94541  87 
2-94780  25 
2-95018  14 
2-95255  56 


25990 

259  33 
25878 
258  21 
25765 

25709 
25654 
255  99 
255  43 
25489 

254  34 
253  80 
25325 
252  72 
252  17 

251  64 
251  10 

25058 
250  04 

249  51 

24899 
248  46 

247  95 
24742 
246  90 

24639 
24587 
245  36 
24485 
244  34 

24383 
243  33 
242  82 

24233 
241  82 

241  33 
240  83 

24034 
23984 

23936 

23887 
23838 
23789 
237  42 
23693 


10 


219I5«83+246  99 
2-89398  82  T]fi  ^ 

2-8989130    2«  w 
2-9013679    2JJ55 


2-95492  49  +23645 


2-90381  78 
2-90626  27 
2-90870  27 
2-91113  78 
2-9135680 

2-91599  33 
2-91841  37 
2-92082  93 
2-92324  00 
2-92564  59 

2-92804  71 

2-93044  34 
2-93283  49 
2-93522  17 
2-9376o  38 

2-93998  11 

2-94235  37 
2-94472  17 
2-94708  49 

2-94944  35 

2-95I79  75 
2-95414  68 

2-95649  15 
2-95883  17 
2-96116  72 

2-96349  82 
2-96582  46 
2-96814  65 
2-97046  39 
2-97277  68 

2-97508  52 
2-97738  92 
2-97968  86 
2-98198  37 
2-98427  43 

2-98656  05 
2-98884  23 
2-99111  98 
2-99339  28 
2-99566  16 

2-99792  59 
3-00018  60 
3-00244  18 
3-00469  33 
3-00694  05 

3-00918  34 


24449 
244  00 

243  51 

243  02 

24253 

242  04 
24156 
241  07 

24059 
240  12 

23963 

239  15 
23868 
238  21 

237  73 

237  26 
236  80 
23632 
235  86 
235  40 

234  93 
234  47 
234  02 

233  55 
233  10 

232  64 
232  19 

231  74 
231  29 
23084 

230  40 
22994 
229  51 
229  06 

228  62 

228  18 
227  75 
227  30 
22688 
22643 

226  01 
22558 
225  15 
224  72 
224  29 

+  223  87 


11 


2-9497798 
2-9521088 +232  9o 

2-95443  34  2i2  7>i 
2-95675  35  \%  °J 

231  15 


2-95906  93 


2-96138  08 
2-96368  78 
2-96599  05 
2-96828  89 
2-97058  30 

2-97287  28 
2-97515  83 

2-97743  95 
2-97971  65 
2-98198  92 

2-98425  77 
2-98652  19 
2-98878  20 
2-99103  78 
2-99328  95 

2-99553  7° 
2-99778  03 
3-00001  96 
3-00225  46 
3-00448  56 

3-00671  24 
3-00893  52 
3-0111539 
3-01336  85 
3-OI557  9I 

3-0177856 
3-01998  81 
3-02218  66 
3-02438  11 
3-02657  15 

3-02875  81 
3-03094  06 
3-03311  92 

3-03529  39 
3-03746  46 

3-03963  14 
3-0417943 

3-04395  33 
3-04610  85 

3-04825  98 

3-05040  72 
3-05255  08 
3-05469  06 
3-05682  65 
3-05895  87 

3-06108  70 


230  70 
230  27 
229  84 
229  41 
22898 

22855 
228  12 
227  70 
227  27 
226  85 

226  42 
226  01 
22558 
225  17 

224  75 

22433 
22393 
223  50 
223  10 
222  68 

222  28 
221  87 
221  46 
221  06 
220  65 

220  25 
219  85 

219  45 
219  04 
218  66 

218  25 
21786 
21747 
217  07 
216  68 

216  29 
215  90 

21552 
215  13 
21474 

214  36 
213  98 

213  59 
213  22 
212  83 

+  212  46 

8-2 
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TABLE   IV. 


LogGj0 


(i  +oc2-2acosS)"7=(i 


1        (0)       °°      (i)     . 
■a2r*(iGV  +  S  G,  VcostS), 

^  1  =  1      ^ 


2.      p  =  200  to  2-50 
;"  csf  1  =  8  toll 


(I 


£ 


2-00 
2-OI 
2-02 

2-03 

2-04 
2-05 

2-06 

2-07 

2-08 

2-09 

2-IO 
2-II 
2-12 
2-13 
2-I4 

2-15 

2-16 
2-17 

2-l8 

2-19 

2-20 
2-21 
2-22 
2-23 
2-24 

2-25 
2-26 

2-27 
2-28 
2-29 


*  =  8 


3° 
3i 
32 
33 
34 


2-35 
2-36 

2-37 
2-38 

2-39 


2-40 
2-41 

2-42 

2-43 
2-44 

2-45 
2-46 
2-47 
2-48 
2-49 

2-50 


2-89811  87  8 
2-90062  25+  21  3° 
2-90312  08  ^49  »3 
**>fa*  49  30 
2-9081014  24g72 


2-91058  36 
2-91306  05 
2-91553  21 
2-9179985 
2-92045  95 

2-92291  53 
2-92536  59 
2-92781  12 
2-93025  14 
2-93268  64 

2-93511  63 
2-93754  11 
2-93996  07 

2-94237  53 
2-94478  48 

2-94718  92 
2-94958  86 
2-95I98  30 
2-95437  25 
2-95675  69 

2-959I3  65 
2-96151  10 
2-96388  07 
2-96624  55 
2-96860  54 

2-97096  05 

2-97331  °7 
2-97565  62 
2-97799  68 
2-98033  26 

2-98266  37 
2-98499  01 
2-98731  17 
2-98962  86 
2-99194  08 

2-99424  84 

2-99655  13 
2-99884  96 
3-0011433 
3-00343  23 

3-00571  68 
3-00799  67 
3-01027  21 
3-0125429 


24769 
247  16 
246  64 
246  10 
245  58 

245  06 

244  53 
244  02 

243  5o 
24299 

242  48 
241  96 
241  46 

24095 
240  44 

239  94 
239  44 
23895 
23844 
237  96 

237  45 

23697 
236  48 

235  99 
235  51 

23502 

234  55 
234  06 
233  58 
233  11 

232  64 
232  16 
231  69 
231  22 
23076 

230  29 

229  83 

22937 
228  90 
22845 

227  99 

22754 
227  08 
226  64 


2-9549249         6 

2-95728  94  +lfr   J5 

2-95964  92     *>  y 
2-96200  42     ^  g 

2-9643544  2|J56 

2-96670  00 
2-96904  08 
2-9713769 
2-97370  84 
2-97603  52 


3-480  93  +ITA 


3-01707 11 


234  08 
23361 
233 15 

232  68 
232  22 

231  76 
231  29 
230  84 

23037 
22993 

22947 
229  01 
228  57 
228  12 
227  67 

227  23 
226  78 
226  34 
225  89 
225  46 

225  02 
22459 
22415 
223  71 
223  29 

222  86 
222  42 
222  00 
221  58 
221  15 

220  72 
220  31 
219  89 

219  47 
21905 

21864 
218  22 
217  81 
217  41 
216  99 

3-0568375  2l658 
3-0590033  2l6f8 
3-0611651 
3-06332  28 
3-06547  65 


2-97835  74 
2-98067  50 
2-98298  79 
2-98529  63 
2-98760  00 

2-98989  93 
2-99219  40 
2-99448  41 
2-99676  98 
2-99905  10 

3-00132  77 
3-00360  00 
3-00586  78 
3-00813  12 
3-0103901 

3-01264  47 
3-01489  49 
3-01714  08 
3-01938  23 
3-02161  94 

3-02385  23 
3-02608  09 
3-0283051 
3-03052  51 
303274  09 

3-03495  24 
3-03715  96 
3-03936  27 
3-04156  16 
3-04375  63 

3-04594  68 
3-04813  32 
3-05031  54 
3-05249  35 
3-05466  76 


10 


215  77 

215  37 

+21497 


3-06762  62 


221  76 

221  35 

220  94 

220  52 

220  II 

219  70 

219  29 

21888 

21847 

218  07 

217  67 
217  26 

21686 

216  47 
216  06 

3-00918  34     g 
3-0114221  ^     *    ' 
3-0136566  "3  45 
3-0158868  22302 
3-0181128  m% 


3-02033  47 
3-02255  23 
3-02476  58 
3-02697  52 
3-02918  04 

3-03138  15 

3-03357  85 
3-03577  14 
3-03796  02 
3-04014  49 

3-04232  56 
3-04450  23 
3-04667  49 
3-04884  35 
3-05100  82 

3-0531688 

3-05532  55 
3-05747  82 
3-05962  70 
3-06177  18 

3-06391  27 
3-06604  97 
3-06818  29 
3-07031  21 
3-07243  75 

3-07455  90 
3-07667  67 
3-07879  05 
3-08090  05 
3-08300  67 

3-08510  92 
3-08720  78 
3-08930  27 

3-09139  38 
3-09348  12 

3-09556  48 
3-09764  47 
3-09972  10 
3-1017935 
3-1038623 

3-10592  75 
3-10798  90 
3-11004  69 
3-11210  12 
3-ii4i5  1" 

3-1161988 


21567 
215  27 
21488 
214  48 
214  09 

213  70 
213  32 
212  92 
21254 
212  15 

211  77 
211  38 
211  00 
210  62 
210  25 

209  86 
20949 
209  11 
208  74 
208  36 

207  99 
207  63 
207  25 
20688 
206  52 

206  15 

205  79 

20543 

205  06 

+  204  70 


11 


3-0610870      6 
3-06321  16^    4 
3-0653323       ' 

3-0674494   2 
3-0695627   2IO« 


3-07167  22 
3-07377  80 
3-07588  OI 
3-07797  85 
3-08007  33 

3-08216  43 
3-08425  17 
3-08633  54 
3-08841  55 
3-09049  19 

3-09256  47 
3-09463  39 
3-09669  96 
3-09876  16 
3-I0082  OO 

3-1028749 
3-10492  62 
3-10697  40 
3-I090I  02 
3-III05  90 

3-11309  62 
3-II5I2  99 

3-11716  OI 

3-II9I8  68 
3-I2I2I  OI 

3-12322  99 
3-12524  63 
3-1272592 
3-12926  87 
3-1312748 

3-1332774 
3-1352767 
3-1372726 
3-1392651 
3-1412543 

3-1432401 
3-14522  26 
3-14720  17 
3-1491775 
3-1511500 


210  58 
210  21 

209  84 
209  48 
209  10 

208  74 
208  37 
208  OI 
207  64 
207  28 

206  92 
206  57 
206  20 
205  84 
20549 

205  13 

204  78 
204  42 
204  08 
203  72 

20337 
203  02 
202  67 
202  33 
201  98 

201  64 
201  29 
200  95 
200  61 
200  26 

199  93 

199  59 
19925 
198  92 
19858 

19825 
197  91 
197  58 
19725 
196  91 


1^704  76     I9626 

3-1570476  I9593 
3-1590069  jgyj 
3-16096  30 +1H28 

3-16291 58 


TABLE   V.     Values  of  Gi    in  powers  of  p  —  3,  £  —  4 

(i+a2-2acosS)-£=(i-a2)-£(!G(i0,+  £  GxoScosiS),    £  =  a24- (1 -a2). 

(i) 
G\  =  2  «n  (>-3)re-    Values  of  a„. 


133 


w 

i  =  0 

i  =  1 

i  =  2 

i  =3 

i  =  4 

0 

+  1 

•37288  0499 

+  -80253  1050 

+  -63821  2522 

+  -54930  5202 

+  -49078  8954 

I 

— 

•10031  6381 

-  3869  6934 

—  2420  9490 

-   174°  J433 

-   1352  9203 

2 

+ 

1495  8106 

+   453  9279 

+   243  0512 

+   155  3668 

+   108  8500 

3 

— 

268  2154 

68  2087 

32  3681 

18  8007 

12  1462 

4 

+ 

52  4220 

+    11  5606 

+     4  9606 

+     2  6570 

+     1  6018 

5 

— 

10  7734 

—     2  1061 

8282 

4J32 

2343 

6 

+ 

2  2883 

+      4028 

+      1466 

+       686 

+       368 

7 

— 

4976 

798 

—       271 

—        120 

61 

8 

+ 

IIOI 

+       162 

+        52 

+        22 

+        10 

9 

— 

247 

34 

—        10 

4 

—        2 

10 

+ 

56 

+        7 

+        2 

+         1 

11 

— 

13 

—        2 

12 

+ 

3 

13 

— 

1 

P  =  4 

+  1 

•28527  5362 

+  -76778  9216 

4-  -61615  2426 

+  -53323  2453 

+  -47824  0779 

n 

*  =  5 

i  =  6 

i  =  7 

i  =  8 

i  =  9 

0 

+ 

•44828  2806 

+  -41549  6791 

+  -38916  1204 

+  -36737  6997 

+  -34895  1988 

1 

— 

1095  4579 

914  !77° 

779  97°2 

676  8981 

595  4474 

2 

+ 

80  7677 

+    62  3700 

+    49  6099 

+    4°  3770 

+    33  4733 

3 

— 

8  3943 

—     6  0820 

4  5648 

3  5217 

—     2  7780 

4 

+ 

1  0414 

+       7MI 

+      5°96 

+      3752 

+      2834 

5 

— 

1443 

942 

643 

454 

33° 

6 

+ 

216 

+        135 

+        88 

'  +        60 

+        42 

7 

— 

34 

—        20 

*3 

8 

6 

8 

+ 

6 

+         3 

+        2 

+         1 

+         1 

9 

— 

1 

P  =  4 

+ 

•43806  1 1 19 

+  -40692  4218 

+  -38181  6423 

+  -36097  9920 

+  -34330  7008 

,(■) 


G^  =  2  bn  (p  -  4)".    Values  of  bn. 


n 

i  =  0 

i  =   1 

i  =  2 

i  =  3 

i  =  4 

0 

+  1 

•285275362 

+  -76778  9218 

+  -61615  2426 

+  -53323  2453 

+  -47824  0779 

1 

— 

7677  8922 

-  3128  7884 

-  2015  5256 

-  1482  9073 

-   11662383 

2 

+ 

924  2286 

+   302  3290 

+   169  1743 

+   in  6019 

+    80  1270 

3 

— 

133  3081 

37  0727 

—    18  6003 

—    11  2562 

75129 

4 

+ 

20  9230 

+     5  IQ23 

+     2  3370 

+     1  3148 

+      8246 

5 

— 

3  4497 

7525 

3184 

—      1680 

998 

6 

+ 

5875 

+      1 163 

+       458 

+       228 

+       129 

7 

— 

1024 

186 

69 

32 

18 

8 

+ 

182 

+        30 

+        11 

+        5 

+        2 

9 

— 

33 

5 

—         2 

—        1 

10 

+ 

7 

+         1 

11 

— 

2 

P  =  3 

+  1 

•37288  0501 

+  -80253  1052 

+  -63821  2522 

+  -5493°  5201 

+  -49078  8954 

n 

i  =  5 

i  =  6 

i  =  7 

i  =  8 

i  =  9 

0 

+ 

•43806  1118 

+  -40692  4217 

+  -38181  6422 
692  6886 

4-  -36097  9918 

+  -3433°  7009 

1 

— 

955  5521 

805  2288 

605  4045 

535  8442 

2 

+ 

60  6550 

+    47  6332 

+    38  4402 

+      31  6845 

4-    26  5630 

3 

— 

5  3345 

3  9552 

3  0288 

2  3786 

1  9063 

4 

+ 

5542 

+      39i  1 

+      2862 

+         2155 

4-      1661 

5 

— 

639 

43i 

303 

—          220 

164 
+        18 

6 

+ 

79 

+        5i 

+        35 

+           24 

7 

— 

10 

6 

4 

3 

—        2 

8 

+ 

1 

+         1 

+         1 

P  =  3 

+ 

•44828  2805 

+  '4I549  6789 

4-  -38916  I203 

+  -36737  6996 

+  -34895  1989 

J34 


TABLE   VI.     K 


(') 


i 


(i+a2-2acosS)-^=(i-a2)-1(^  +  S^j  coszS). 


•900 
i 
2 
3 
4 

5 
6 


•910 
1 
2 
3 
4 


5 
6 


•920 
1 
2 
3 
4 


5 
6 


•93o 
1 
2 
3 
4 

5 
6 

I 


•940 
1 
2 
3 
4 


5 
0 


9 
•950 


K 


(0) 


55i7°i 
547512 

543309 
539092 
534860 

530614 
526353 
522077 
517786 
5I348I 

509160 
504824 
500472 
496104 
491721 

487322 
482906 
478474 

474025 
469560 

465078 
460579 
456062 
45x528 
446976 

442406 
437818 
4332H 
428586 

423942 

419279 
414596 
409894 
405172 
400429 

395666 
390882 
386077 
381250 
376402 

37I53I 
366638 
361722 

356783 
351820 

346834 
34l823 
336787 
331726 
326639 

•321526 


-4189 
4203 
4217 
4232 
4246 

4261 
4276 
4291 

4305 
4321 

4336 
4352 
4368 

4383 
4399 

4416 
4432 
4449 
4465 
4482 

4499 
4517 
4534 
4552 
457o 

4588 
4607 

4625 
4644 
4663 

4683 

4702 
4722 

4743 
4763 

4784 
4805 
4827 
4848 
4871 

4893 
4916 

4939 
4963 
4986 

501 1 
5036 
5061 
5087 
-5113 


K 


(1) 


•298055 
•296385 
•294702 
•293005 
•291294 

•289569 
•287830 
•286076 
•284308 
•282525 

•280727 
•278915 
•277087 
•275244 
•273386 

•271513 
•269623 
•267717 
•265795 
•263857 

•261903 
•25993.2 
•257944 
•255938 
•253915 

•251875 
•249817 
•247741 
•245646 
•243533 

•241402 
•239251 
•237081 
•234891 
•232681 

•23045 ! 
•228201 
•22593O 
•223638 
•221324 

•218988 
•21663O 
•2I4249 
•211846 
•20942O 

•20697I 
•204497 
•2OI998 

•199475 
•I96926 

•I9435I 


-I67O 
I683 
1697 
I7II 
1725 

1739 

1754 
I768 

1783 
1798 

I8l2 
1828 

1843 
1858 

1873 

1890 
I906 
1922 
1938 
1954 

1971 
I988 
2006 
2023 
2O4O 

2058 
2076 
2095 
2113 
2131 

215I 
217O 
2I90 
22IO 
223O 

225O 
2271 
2292 

2314 
2336 

2358 
238l 
2403 
2426 
2449 

2474 
2499 
2523 
2549 
-2575 


K 


(2) 


2I57I3 
214825 
213924 
213010 
212084 

211145 
210192 
209226 
208247 
207254 

206248 
205228 
204194 
203146 
202083 

201006 
199914 
198806 
197683 
196545 

195392 
194223 
193038 
191837 
190620 

189386 
188135 
186866 
185581 
184278 

182957 
181618 
180261 
178885 
177490 

176075 
1 74641 
173187 
171712 
170217 

168700 
167162 
165603 
164022 
162418 

160792 
159142 
157468 
i5577o 
I54°47 . 

•152300 


-888 
901 
914 
926 
939 

953 
966 

979 

993 

1006 

1020 
1034 
1048 
1063 
1077 

1092 
1 108 
1123 
1138 
ii53 

1 169 
1185 
1201 
1217 

1234 

1251 
1269 
1285 

!303 
1321 

1339 
*357 
1376 
1395 
1415 

1434 
M54 
J475 
1495 
1517 

1538 
1559 
1581 
1604 
1626 

1650 
1674 
1698 
1723 
■1747 


K 


(3) 


168227 
167760 
167281 
166791 
166289 

165776 
165251 
164714 
164165 
163604 

16303 1 
162445 
161846 
161234 
160609 

I59971 
I593I9 
158653 

157974 
157281 

156573 
155851 
I55II4 
154363 
153596 

152813 
152015 
151201 
150371 
149525 

148662 
147782 
146884 
145969 
145036 

144085 

i43"5 
142127 
141119 
1 4009 1 

139044 

137977 
136889 
i3578o 
134649 

133497 
132322 
131124 
129904 
128660 

■127393 


-467 
479 
490 
502 

513 

525 
537 
549 
56i 
573 

586 

599 
612 
625 
638 

652 
666 
679 
693 
708 

722 
737 
75i 
767 

783 

798 
814 
830 
846 
863 

880 
898 
9i5 
933 
95i 

970 

988 

1008 

1028 

1047 

1067 
1088 
1109 
1131 
1152 

ii75 
1 198 
1220 
1244 
-1267 


A" 


(t) 


I359IO 
135705 
I3549I 
135267 
135032 

134787 
134532 
134266 

133989 
133702 


121793 
121134 
120457 
1 19762 
1 19049 


-205 
214 
224 
235 
245 

255 
266 

277 

298 


133404  3og 

133095  ioi 

•132774  1 

•J32442  f 

.132098  344 

•I3I743  .eg 

•I3I375  i5^ 

'I3°l95  393 

•130602  2o= 

•I30I97  ^5 

•129779 

•129348  HI 

'I279°3  \\i 

•128445  lio 

•I28Q73  %l 

I27487  .ox 

126986  5oi 

126471  3  g 

I2594a  545 

125396  III 

•124836         6 

•124260  3' 

•"3668  HI 

•123060  6 

•122435  6  I 


659 
677 
695 
713 
732 


118317 

1 1 7566  751 

"6796  H°0 

1 16006  6j0 

"5196  g30 


1 14366 

H35H 
1 12640 

1     Pi     9i8 
110826 -941 

109885 


852 

874 
896 


TABLE   VII.     K 


(0 


135 


»  (0)       00         /,•) 

(i+a2-2«cos5rt  =  (I_a2)-2(^3  +  £  KVcosiS). 

2      t=i     * 


K 


(o) 


•900 
I 

2 

3 

4 

5 
6 


•910 
1 
2 
3 
4 


5 
6 


•920 

1 
2 
3 
4 


5 
6 


•930 
1 
2 
3 
4 


5 
6 


•940 
1 
2 
3 

4 


5 
6 


9 
•950 


2-43409 

2-435M 
2-43619 

2-43724 
2-43830 

2-43935 
2-44041 

2-44147 

2-44253 
2-44359 
2-44466 

2-44573 
2-44680 

2-44787 
2-44894 
2-45001 
2-45109 
2-45217 


2-45325 
2-45433 
2-45542 
2-45650 

2-45759 


2-432QO 
2-43304 +I0^ 

i°5 
105 
105 

106 

105 
106 
106 
106 

106 
107 
107 
107 
107 

107 
107 
108 
108 
108 

108 
109 
108 
109 
109 

109 
109 
no 
no 
no 

no 
no 
no 

in 
in 

in 
in 
in 
in 
112 

112 
112 
112 
113 
"3 

113 
113 
113 

114 
114 


45868 

45977 
46086 
46196 
46306 


2-46416 
2-46526 
2-46636 
2-46746 
2-46857 

2-46968 
2-47079 
2-47190 
2-47301 
2-47412 


2-47524 
2-47636 
2-47748 
2-47860 
2-47973 


48086 
48199 
48312 
48425 
48539 

•48653 


K 


(1) 


2,38728+l82 
2-38910  +l82 
2-39092  l8l 
2-39273  l8l 
2-39454     l8l 


2-39635 
2-39815 

2-39995 
2-40174 

2-40353 

2-40532 
2-40710 
2-40888 
2-41065 
2-41242 


2-41419 

2-4I595 
2-41771 
2-41946 
2-42121 


42296 
42470 
42644 
42817 
42990 


2-43162 

2-43334 
2-435o6 
2-43677 
2-43848 


2-44018 
2-44188 
2-44358 

2-44527 
2-44696 

2-44864 
2-45032 
2-45199 
2-45366 
2-45532 

2-45698 
2-45863 
2-46028 
2-46193 
2-46357 

2-46520 
2-46683 
2-46846 
2-47008 
2-47169 

2-47330 


180 
180 
179 
179 
179 

178 
177 
177 
177 

176 
176 
175 
175 
175 

174 

174 
173 
173 
172 

172 
172 
171 
171 
170 

170 
170 
169 
169 
168 

168 
167 
167 
166 
166 

165 
165 
165 
164 

163 

163 
163 
162 
161 
161 


K 


(2) 


2-306I6  g 


•30924 

2-31230 
2-31535     304 

2-3I839  \Q\ 


2-32143 
2-32446 
2-32748 
2-33049 

2-33349 

2-33648 
2-33946 

2-34243 
2-34539 
2-34834 

2-35128 
2-35420 

2-357H 
2-36001 
2-36291 

2-36580 
2-36868 

2-37J54 
2-37439 
2-37723 


38006 
38287 

38567 
38847 

39125 


2-39402 
2-39678 

2-39952 
2-40225 
2-40497 

2-40768 
2-41037 

2-41305 
2-41571 
2-41836 

2-42100 
2-42362 
2-42623 
2-42883 
2-43142 

2-43399 

2-43655 
2-43909 
2-44162 
2-44413 

2-44663 


306 
305 


303 
302 
301 
3°o 
299 

298 

297 
296 

295 
294 

292 
291 
290 
290 
289 

288 
286 
285 
284 
283 

281 

280 
280 
278 

277 

276 
274 
273 
272 
271 

269 
268 
266 
265 
264 

262 
261 
260 
259 
257 

256 
254 
253 
251 
250 


K 


(3) 


;:^+449 

448 


2- 

2-20960 

2-2I408 

2-2I855 

2-22300 


2-22744 
2-23187 
2-23629 
2-24070 
2-24509 


2-24947 
2-25384 
2-25819 
2-26253 
2-26685 


2-27II6 
2-27545 
2-27973 
2-28399 
2-28824 


2-29247 
2-29669 
2-30089 
2-30507 
2-30924 


2-3I339 
2-31752 
2-32163 

2-32573 
2-32981 


2-33387 
2-33791 
2-34194 

2-34595 
2-34993 


2-35389 

2-35784 
2-36176 
2-36567 
2-36955 


2-37341 
2-37725 
2-38106 
2-38485 
2-38863 


2-39238 
2-39611 
2-39981 
2-40349 
2-40715 

2-41078 


445 
444 


443 
442 
441 
439 
438 

437 
435 
434 
432 

43i 

429 
428 
426 
425 
423 

422 
420 
418 
417 
415 

413 
411 
410 
408 
406 

4°4 
403 
401 

398 
396 

395 
392 
39i 
388 
386 

384 
381 
379 
378 
375 

373 

37o 
368 
366 
363 


K 


(4) 


2-09306 
2-09898  +592 

2-IQ48n  589 

2-11078    JnS 

2-II666  5|8 

2-12253     rSR 

2-128^   5J6 
2-13424 
2-14007 
2-14589 


2-15170 
2-15749 
2-16327 
2-16904 
2-17479 

2-18052 
2-18624 
2-I9I94 
2-19763 
2-20330 

2-20895 
2-2I458 
2-22020 
2-22580 
2-23138 

2-23694 
2-24248 
2-24800 
2-25350 
2-25898 


26444 
26988 

27529 
28067 
28603 


2-29137 
2-29669 
2-30198 

2-30725 
2-3I249 

2-31770 
2-32289 
2-32805 
2-333I8 
2-33828 


582 
58l 


579 
578 
577 
575 
573 

572 
570 
569 
567 
565 

563 
562 
560 
558 
556 

554 
552 

559 
548 
546 

544 
54J 
538 
536 
534 

532 

529 
527 
524 
52i 

519 
5i6 

513 
5io 

507 

2-34335  -0, 
2-34838  503 

2-35338  5 

2-35835  %l 
2-36329  HI 

2-36819 


r36 


TABLE  VIILs 

Values  of  the  Equation  of  the  Centre  EQ  for  special  values  of  the  Mean  A  nomaly  g,  in 

powers  of  the  Eccentricity  e. 

Values  of  E„ . 


g 

2e 

e3 
24 

960 

e7 

5f! 
4 

e4 
96 

960 

32256 

o°,  1800 

0 

0 

0 

0 

0 

0 

0 

9o° 

1 

-  32 

+  1792 

—  94208 

0 

0 

0 

60°,  I2O0 

£f 

-    6 

-  1047 

+  89721] 

±%* 

-  M7 

+    987] 

300,  1500 

Jf 

+  46 

-    143 

-  76253] 

±£[1 

+    59 

-    817] 

45°.  135° 

7^ 

+  20 

—  1692 

+    1 160] 

±         [1 

-    44 

-  1 138] 

The  numbers  in  the  body  of  the  table  are  the  factors  of  the  terms  in  the  heading.   For 
example, 


(£.) 


0=150° 


2e  +  46  -  -  143  ^  -  76253 


ol         "I 


32256_ 


For  the  calculation  of  Fd,  Fd'  (§  2.6)  we  have 

fdEq\       =  (1  +  ef  _  i      _  ^£^ 

<fe  /„=o  ""  (1  -  ef  ' 


V3  [5e2  ei 

—  +  59 -^ 
.4         v  96 


(1  -  ^ 


=.6    -I 


960 


If  corrections  of  the  resulting  values  of  EQ  be  needed,  they  may  be  obtained  by  substituting 
the  values  found  from  the  table  in  the  right-hand  members  of 

-  \*  +       1  /     ,    77  \      2  v      g  -  A"  +  £  sin  X  sin  (g  +  £8) 

tan  IX  ----  [  -       -  )  tan  \  (g  +  £,),     8  A  =  e_ ,     S£ff  =  SA  — vf         9^ , 


1  —  e  cos  X 


sin  X 


and  calculating  X,  SX,  hEq ,  successively. 

An  approximate  value  of  X  with  an  error  of  order  £5/i20  or  £6/46  may  also  be  found  from 

tan(X0-g)=      t5fag     ,    sin(X-Z0)  =  -sin:'X»-g), 

\    o      t>/       I_  e  cos  g>  \  »/  be  sin  g 

the  value  of  X  being  corrected,  if  necessary,  by  the  formula  for  8  X  given  above  and  the  value 
of  EQ  being  then  obtained  from 

tan  1  (g  +  £a)  =  £±^)  tan  \X. 


TABLE   VIII, 
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Values  of  the  Radius  Vector  r  for  special  values  of  the  Mean  Anomaly  g,  in  powers  of  the  Eccentricity  e. 

Values  of  r. 


g 

ae 

e3 
a8 

e5 

a  "To 
768 

e1 

46080 

a 

e2 

a  — 

4 

e* 

a  — 

3 

e6 

160 

o°,  1800 

±         [-1 

0 

O 

0      ] 

+  1 

0 

0 

O 

900 

0 

0 

O 

0 

+  1 

+  4 

—  2 

+  128 

6o°,  1200 

±    H-  1 

+  9 

-   8lO 

+  15309] 

+  1 

+  3 

0 

-      8l 

300,  1500 

±^[-' 

+  3 

+   23O 

-    5033] 

+  1 

+  1 

+  1 

+      17 

45°,  135° 

±7^' 

+  6 

-      40 

-  33544] 

+  1 

+  2 

+  1 

-      64 

The  numbers  in  the  body  of  the  table  are  the  factors  of  the  terms  in  the  heading.   For 
example, 


r\ 
a) 


3=150° 


V3 

2 


e  +  38+23°768"5°33^o8oJ 


+ 


e2      e* 


1  +  --  +  -  +  17-7- 
4       3  160 


When  the  values  of  Eq  or  X  have  been  obtained,  r  is  most  easily  found  from  one  of  the 

formulae, 

r  1  —  e* 


a    '  1  +  e  cos  (g  +  Ea) 


,     r  =  a  (1  —  e  cos  X). 


TABLES  FOR  THE  CALCULATION  OF  PERTURBATIONS  PRODUCED  BY  JUPITER. 

In  each  case  these  are  calculated  for  three  values  of  the  eccentricity,  so  that,  by  inter- 
polation, any  chosen  value  may  be  used.  The  results  are  accurate  within  two  units  of  the  last 
figure  given. 

table  vni£y. 

Equation  of  the  centre. 


e 

g  =  o° 

g  =  1800 

S  =  90° 

£  =  60° 

g  =    I20° 

•0480 
•0484 
•0488 

0 
0 
0 

0 
0 
0 

?g'?;?s  2;  44:26 

5°  34' 59-59     2'  44'*4 

4!54'i6;;55     ,'„?,, 
4°  56' 47-89     ^3i;34 

4°  59' i9-3o     2   3I"4i 

l°$2$o     2,I4"" 

e 

^  =  30° 

■?  =  J5o0 

g  =  45° 

-?  =  ^s0 

•0480 
•0484 
•0488 

2057'oi'%     *    31-77 

1°  If-  S??||  ;:;4l44 

20  39'  16^32     *    J4-35 

40  03'  28''6s        .    ;■«  „ 

30  43'  41-56       .      » 
3°45'28'/o5       ,47,;09 

3°  47'  15-64     *    46'99 
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TABLE  VIIIr/ 

Values  of  log  [r/a). 


e 

g  =  o° 

g  =  1800 

g  =  90° 

£=6o° 

g  =    I20° 

•0480 
•0484 
•0488 

log  (1  -  e) 

log  (1  +  e) 

•0009979       , 
•0010146       A 
•0010314 

9-9902456 
9-9901703     'J* 
9-9900952     '-> 

•OI IOO60          , 
•0III022       Xa, 

•on  1985     963 

e 

S  =  30° 

r?  =  1500 

£   =   45° 

£  =  135° 

•0480 
•0484 
•0488 

9-9818387 _ 
9-9816867     ^20 
9-9815346     I521 

•OIZ9i40         8o 

•OI^o62°     1480 
•0182100       ^ 

9-9855483  _II77 

9-9854306  _ ^77 
9-9853I3I          75 

•OI49556     I26l 

•0150817       262 
•0152079 

TABLES  FOR  THE  CALCULATION  OF  PERTURBATIONS  PRODUCED  BY  SATURN. 

In  each  case  these  are  calculated  for  three  values  of  the  eccentricity,  so  that,  by  inter- 
polation, any  chosen  value  may  be  used.  The  results  are  accurate  within  two  units  of  the  last 
figure  given. 

TABLE   VIILsS 

Equation  of  the  Centre. 


e 

£  =  0° 

g  =  1800 

£  =  90° 

S  =  6o° 

g  =  1200 

•0554 
•0558 
•0562 

0 
0 
0 

0 
0 
0 

6°  20'  07-57     „'      »~T 
6°22'5i?5S     I,  44;,QI 
6°  25-35^60     2   44-02 

5°  41'  07-31     2'  *2^8 

50  18'  21-82       .  r,,~ 

e 

£  =  3o° 

g  =  1500 

S  =  45° 

g  =  135° 

•0554 
•0558 
•0562 

3°  22'  27-OI        t/  „„» 

3°24'oo'/2i       ,33-20 
3°  25'33''49     r    33^8 

2°  59' 34-34     ,'  n':2Q 
30  00'  47-63     L  J3,29 

3°02'oo'/82     *    ^-^ 

4:42;5i-28     2,o8T8 
4    44    59-86        <  „o»^ 
4°47'o875o     2   o8-°4 

4°  16'  So"4i      T/  ,„»„„ 
J°i8'i6?ii        ,45,;7o 
402o'oi?72     r    45-61 

TABLE   VIIIrS. 

Values  of  log  r/a. 


e 

g  =  o° 

g  =  1800 

g  =  9o° 

£  =  6o° 

5-  =  1200 

6  6  6 

On  On  On 

COn  On 
10  004*. 

log  (1  -  e) 

log  (1  +  e) 

•0013283 
•0013473       I 
•0013666     I93 

9-9888698 
9-9887964-734 

9-9887232     732 

■0127978 

•0128953     *'g 
•0129929     y/ 

e 

r?=30° 

g   =    I500 

£  =  45° 

S  =  135° 

•0554 
•0558 
•0562 

9-9790236 _ 

9-97887I4_     ^ 
9-9787191            D     •> 

•O206483                  g 

•0207959        47 
•0209435        *< 

9-98338oo  _     66 
9-9832634  _      , 
9-9831467           7 

•0172927     I265 
•OI74I92      I2&5 

•OI75457 

TABLE   IX  139 

Values  of  the  Equation  of  the  Centre  Ea  for  special  values  of  the  True  Anomaly  f,  in  powers  of  the  Eccentricity  e. 

Values  of  E„. 


f 

e 

e3 
3 

e5 
80 

e7 
224 

3£2 

4 

32 

e6 
64 

o°,  1800  . 

0 

0 

0 

0 

0 

0 

0 

900 

2 

—  1 

-    4 

-    4 

0 

0 

0 

6o°,  1200 

^[2 
2    L 

0 

-    6 

-  10] 

±£[-1 

+  1 

-3] 

3o°,  1500 

1 

+  1 

+  13 

+  19 

±^C-x 

-  9 

-9] 

45°.  135° 

^ 

+  1 

+    4 

-    4] 

±         [-  1 

-  4 

-f] 

4e 


The  numbers  in  the  body  of  the  table  are  the  factors  of  the  terms  in  the  heading.   For 
example,  ,„  .  e3  e5 

(F  \ .    =  t>  J l_  to  — 

80 
For  the  calculation  of  Fd,  Fd'  (§  2.6)  we  have 

<dEa\         _  (1  +  ef 


e*  e°  e1        V3 


9  32  "'  964_ 


*E,\  x  _  (1  -  ef 

dfh=o~  (i  +  ef 


1. 


#"  /,-.  ~    (1  -  ef 

The  values  of  r  are  obtained  directly  from  r  ==  a  (1  —  £2)  -f-  (1  +  e  cos/). 

table  x. 

Formulae  for  expressing  the  True  Anomaly  and  Radius   Vector  of  one  ellipse  in  terms  of  the 

True  Anomaly  of  another  ellipse. 

E'  =  Equation  of  centre  expressed  in  terms  of  the  mean  anomaly  g'  and  eccentricity  e' ; 

Ex  =  the  same  expression  with  fx  substituted  for  g' ; 

E  =  Equation  of  centre  expressed  in  terms  of  the  true  anomaly  /  and  eccentricity  e ; 

/1    =  ~ /+  (e'  —  m') (e  —  w)> 

n  n 

where  n't  +  e'  —  w'  =  g',  nt  +  e  —  m  are  the  mean  anomalies.  Then  the  true  anomaly  /'  is 

expressed  in  terms  of  /  by  the  formula 


n 


f=f1-'i-E  +  E1 


n'  7_\  dEx 
n     J  djx 


»'  F\2 1  d*Ex 
n  h)  2  dtf 


n 


idsEx 


+ 


n'     y  1  d*Ex 
n      J  24  dfx* 


n  \n     /  aji       \n     J  2  ajx*       \n     /  6  dfx3 

The  calculation  of  E  and  of  its  special  values  for  special  values  of /is  made  by  the  formulae 
for  Eq  in  Table  IX. 

The  calculation  of  Ex  and  of  its  special  values  for  special  values  of  fx  is  made  by  the  for- 
mulae for  Eq  in  Tables  VIII£,  VIII£  /,  or  VIII£  S,  in  which  fx  takes  the  place  of  the  symbol  g. 

The  calculation  of  the  special  values  of  the  derivatives  of  Ex  is  made  by  means  of  the 
following  formulae  in  which  the  notations 


CO 


are  used. 


_1  +  dEx_  {1  +  e'  cos  (fx  +  Ex)f  _  _         f 

~     +  dfx~~  (1  -  e'*)%        ~       ex-e  {1      e  ) 


id*Ex 


3  j  ^3£ 

exa>*sm{fx  +  Ex),     g^ 


1  /i  d2Ex 


2dfx* 

1  d*Ex      n  /idsEx\fid2Ex 


7 


to  \2   dfx2 

id2Ex\* 


-  -cof  e^cos  (fx  +  Ex), 
+  ^c^sin(/1  +  £1). 


24  dft  "  4co  \6  dfx3 1  \2  dfx2  J      4co2  \2  dfx2 
These  results  are  found  by  considering  Ex  as  the  equation  of  the  centre  in  an  ellipse  of  eccen- 
tricity e'  and  mean  anomaly  fx,  according  to  its  definition. 

Tables  X  /,  X  5  contain  the  numerical  values  of  these  derivatives  applicable  to  perturba- 
tions by  Jupiter  and  Saturn. 


9-2 
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TABLE   Xy. 

Values  of  derivatives  of  E1  with  respect  to  fv 


e' 

A  =  o° 

A  =  180° 

A  =  9o° 

A  =  60° 

A  =   120° 

log  co 

•0480 
•0484 
•0488 

•0422254       6 

•0425819     35^5 
•0429386     35°7 

9-9587766 _ 

9-9584367                ^QQ 

9-9580968     3399 

9-9975034  _4IQ 

9-9974615  _;2t 
9-9974194    ^ 

•0190080 
•0191501       ] 
•0192918     I4I7 

9-9774872  _200Q 
9-9772863  _          y 
9-9770852       2011 

,      1  d2Et 

1(*5     df/ 

•0480 
•0484 
•0488 

—  00 

—  00 

8-676250^ 

8-679770„     3520 
8-68326o„     3490 

8-667442„     397Q 
8-67i42i„     3979 
8-67537on     Jy4y 

8-563593re       ,I2Q 

8-5667I3„      ^ 
8-569803,,      3090 

,      1  d3F, 
l0g6   df/ 

■0480 
•0484 

•0488 

8-3io43„     45I 
«-3I494„     45 
8'3i942„     44 

8-10181     „„„ 
8-10458     2J7 
8-10732     274 

7-5771     7I 
7-5842     71 
7-5912      ' 

7-74i5ra     IS 

H43^     16 
7'7446„ 

7-9736 
7-9776      * 
7-98I5       39 

,       1    d*E, 
l0g24   4/i« 

•0480 
■0484 
•0488 

—  00 

—  00 

7-5565     2Q 
7-5594     2q 
7-5623     zy 

7-7046 
7-7093     J/ 
7-7138      4D 

7-2665 

7-2672     7 
7-2681     y 

e 

A  =  300 

A  =  1 50° 

A  =  45° 

A  =  135° 

log  a) 

•0480 
•0484 
•0488 

•0358218 

•036H73              2Q^ 
•O364I3O                   yJ/ 

9-9636712  _ 
9-9633667     3045 
9-9630622     J  ^-> 

•0284026         6 

9-969588o _   6 

9-9693273  _26o9 
9-9690664           y 

.      1  d2E, 
l°%2l!f? 

•0480 
•0484 
•0488 

8-47o657„     4358 
8-475oi5„     J35 
8-479344„     4-3  * 

8-290253n       8 
8-293iio„     2£57 
8-295938:     2828 

Usa  wit 

8-6mo5n     ^  J-3 

|455676„     2Q69 
8-45»645„     2938 
8-46i5»3„       yJ 

,       1  d3Ei 

•0480 
•0484 
•0488 

8-iq6y«     40 

^200y»     40 
8-2o49n     4 

8-0777     ,T 
8-0808     3i 
8-0838     30 

8-o36oTO 

«'°39I«     33 
8-o426„     •" 

8-0408     _ 

8-0443     3^ 
8-0476     36 

1   d4£\ 
l0g24   *V 

•0480 
•0484 
•0488 

7-6150 
7-6209     ^ 
7-6268     59 

6-840     T 

6-839  z\ 

6-837     2 

7'7°^     54 
7-7065     54 

7-7118     -^ 

7-076  _ 

7-075  _t 
7-074 

TABLE   X  5. 

Values  of  derivatives  of  E1  with  respect  to  fx. 


log  co 

log 

1  d2Ex 

2  dtf 

log 

1  d3Et 
6  *A»_ 

log 

1  diE1 

<7A      rf/4 

•0554 
■0558 
•0562 


•0554 
•0558 
•0562 


•0554 
•0558 

•0562 


•0554 
•0558 
•0562 


•0488368    8 
•0491949 


•0495531 


3582 


8-38948n 
8-39352„ 
8-39753„ 


404 
401 


A  =  1800 


9-9524984   3g9 

9-9521595  J**i 
9-9518207  J:) 


8-14864  22Q 
8-15093  229 
8-15320  227 


A  =  9o° 


9-9966760 
9-9966283 
9-9965799 


-484 


8-736865n  g 
8-739893„  3oo6 
8-742899„  J 


7-6993 
7-7054 
7-7II5 


61 
61 


7-6030 

7-6053 
7-6075 


23 

22 


A  =  6o° 


0215930 


i37i 


02 1 730 1   -66 
0218667 


73656ire  89 
74°°5on  34  y 
7435i7„  ^  ' 


7636n 
7&43„  i 
7650n  ' 


7«56  4i 
7897  J 

7937  4 


A  =  1200 


9-973737°  _ 

9-9735323 

9-9733273 


2047 
2050 


8-6i6847„   6 
S-^9481™  2g? 

8-622092n 


8-0420 

8-0455 
8-0489 


35 
34 


7-2704  _2 
7-2702 
7-2697  5 


e' 

A =30° 

A  =  150° 

A  =  45° 

A=I35° 

* 

log  co 

•0554 
•0558 
■0562 

'°4I2f54     2q,7 
•0415801     2y47 

•0J18749     2y48 

9-9580360 _ 

9-95773n_^4y 
9-9574261     -5  ^ 

•0325726 
•0327961          ^g 
•0330197         •> 

9-9647472  _2627 

Ifotl'st     24f 
8-511114     2464 

,     1  ^2£i 

•0554 
•0558 
•0562 

8-546884„       879 
8-55Q763„     \&'£ 
8-5546i9„     3856 

8-3387i8„           8 
8-34io96„     2^7 

8-343453™       "' 

8-675797     3704 
8-679501     $l\ 
8-683182     3oai 

,      1  d*E1 
log  6  rfA3 

■0554 
•0558 
•0562 

«'2666"     35 
8-2701,,     *■> 

8-2736:     35 

8-1296 

8>I321     2? 
8-1346     25 

8-°yI7«    28 
8-o945M     27 
8-o972n       l 

8-0992 
8-io2i     2y 

8-1050    2y 

1   dlE1 
l0g24   ^ 

•0554 
•0558 
•0562 

7-7I93        „ 

7-7248      53 

7-730I        -« 

6-799     2 
6-797  _ 
6-793     * 

7-7953     dQ 
7-8oo2     49 
7-8050     48 

7-056  _ 

7-055  _2 
7-053 
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§1.   USE   OF   THE   TABLES 

1.1.  The  developments  of  A~2s  for  s  =  \,  f ,  f,  -|  serve  for  developments  of  the  disturbing 
function  in  powers  of  the  inclination  as  far  as  the  sixth  order  to  i  =  11.  The  functions  for 
values  of  s,  i  beyond  those  tabulated  can  be  obtained  from  the  formulae  given  under  '  Deriva- 
tion '  in  §  4. 

All  methods  in  which  the  disturbing  function  is  used  require  the  formation  of  derivatives 
with  respect  to  a.  To  obtain  them  we  have 

d   I   I  \  a2  —  a  COS  5  S  S  (i  —  a2) 

a   1-     Tl>7        =   -   2S    -nr— : -    -  — -   + 


da.  \A27  A2s+2  A2s  A2s+2     ' 

Hence  .  £  (i)  -  £  ^^  (G<« ,  -  G«>)  cos  iS. 

the  factor  ^  being  inserted  for  the  term  i  =  o. 

When  a  literal  development  in  powers  of  the  eccentricities  is  made,  the  successive  deriva- 
tives with  respect  to  a  are  needed  and  may  be  obtained  from  the  formulae  just  given  by 
recurrence. 

1.2.  If  it  be  desired  to  compute  with 

A2  =  I  +  a2  —  2a  COS2  \I  COS  S, 

the  change  to  the  argument  of  the  tables  can  be  made  by  putting 

(I  +  a2)  =  C2  (I  +  ax2),      a  COS2  \I  =  v.xC2 , 
SO  that  A2  =  C2  (I  +  ax2  -  2ax  COS  S), 

and  the  tables  are  entered  with  the  argument  p  =  ax2  -f-  (1  —  a!2).  The  calculation  of  04  is 
conveniently  made  by  calculating  j8,  ^x ,  <xx  successively  from  the  formulae 

tan  j8  =  a,     sin  2/3x  =  cos2 |i"  sin  2/3,     ax  =  tan  &  . 

When  j8  is  greater  than  400,  the  value  of  )SX  is  poorly  determined  by  the  second  equation.    It 
may  be  corrected  by  substitution  of  the  approximate  value  in  the  right-hand  member  of 

sin  (j8x  -  jS)  =  -  \  sin2 £/  sin  2/3  -j-  cos  (ft  +  j8). 

1.3.  When  the  numerical  values  of  the  eccentricities  are  to  be  used  from  the  outset,  develop- 
ment by  double  harmonic  analysis  may  be  conveniently  adopted  in  the  following  manner. 

When  the  inclination  /  =  o,  we  have,  if  p  =  r/r' , 

=  —f  {i  +  p2  —  2/3  cos  (v  —  v')}~^ 


|ra  +  f'2  _  2rr'  cos  (v  -  v')}*      r 


-,  ftG?  +  S  G?  p<  cos  i(f-f'  +  w-  ro')}, 


/  (1  -  p2)^ 

where/,/'  are  the  true  anomalies  and  w,  m'  the  longitudes  of  the  perihelia;  Gf  is  the  same 
function  of  p  that  the  tabulated  values  are  of  a. 

If  the  expansions  are  to  be  made  with  the  time  as  independent  variable,  we  put 

f=g  +  Eg,    f'  =  g'  +  Eq', 
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where  g,  g'  are  the  mean  anomalies  and  Eq ,  Eq  the  equations  of  the  centre.   Since 
COS  i  (f  —  f  +  m  —  w') 

=  cos  i  (g  —  g'  +  to  —  w')  cos  (iEq  —  iEq')  —  sin  i  (g  —  g'  +  m  —  w')  sin  (iEq  —  iEq), 
the  expansion  requires  the  separate  calculation  of  the  four  functions 

L_, ,,  Gf,  (r>C0SiEq\  (Y°S  &A 

for  each  required  value  of  i.  These  are  carried  out  by  double  harmonic  analysis  in  the  manner 
shown  in  §  3,  so  as  to  give  the  coefficients  in  the  series,  the  typical  terms  of  which  are 

Ai,r  cos  jg  cos  j'g',     Bjt  r  sin  jg  sin  j'g',     Chr  cos  jg  sin  j'g' ,     Dj>r  sin  jg  cos  j'g'. 
From  these,  by  additions  and  subtractions  of  the  coefficients,  the  expansions  in  cosines  and 
sines  of  multiples  of  g,  g'  are  obtained. 

1.4.  The  same  procedure  may  be  followed  for  the  calculation  of  the  disturbing  forces  and  for 
that  of  the  terms  dependent  on  the  inclination.  The  fact  that  products  of  more  than  two 
functions  are  needed  is  the  reason  for  tabulating  the  logarithms  rather  than  the  natural  values 
of  the  G{g\  And  the  possibility  of  making  this  process  efficient  partly  depends  on  the  ease 
with  which  the  required  values  of  these  coefficients  can  be  extracted  from  the  tables. 

1.5.  When  the  true  longitude  of  the  disturbed  planet  is  used  as  the  independent  variable,  the 
true  anomaly/'  of  the  disturbing  planet  has  to  be  expressed  in  terms  of  that  of  the  disturbed 
planet.  Formulae  to  facilitate  this  change  are  given  in  Tables  IX,  X  with  particular  numerical 
values  for  the  cases  when  Jupiter  and  Saturn  are  the  disturbing  planets.  The  general  method 
of  procedure  is  given  by  E.  W.  Brown  in  Mon.  Not.  R.A.S.  vol.  xc,  pp.  1-17  and  in  chap,  vn 
of  the  Planetary  Theory  by  Brown  and  Shook.  The  details  of  the  double  harmonic  analysis 
follow  plans  similar  to  those  outlined  above  where  the  time  is  used  as  the  independent  variable. 

1.6.  When  harmonic  analysis  is  in  use  with  large  values  of  a  or  e,  a  few  values  of  a  beyond 
those  given  in  Tables  I  to  IV  may  be  needed.  From  a  =  '845  (p  =  2-5)  to  a  =  -913  (p  =  5), 
these  may  be  obtained  to  the  same  degree  of  accuracy  (or  to  a  lower  degree  of  accuracy  for 
still  larger  values)  from  the  series  in  Table  V. 

For  higher  values  of  a  up  to  a  =  -95,  Tables  VI,  VII  give  the  coefficients  for  s  =  \,  f ,  and 
i  =  o,  1,  2,  3,  4.  If  they  are  needed,  the  coefficients  for  other  values  of  s  and  i  may  be  obtained 
from  the  recurrence  formulae  given  here  or  by  Tisserand,  Mec.  Cel.  vol.  1,  chap.  xvn.  The 
different  forms  of  these  tables  should  be  noticed;  they  were  adopted  in  order  to  render  the 
interpolation  easier. 


NUMERICAL  HARMONIC  ANALYSIS  143 

§2.   NUMERICAL   HARMONIC   ANALYSIS 

2.1.  Let  Fc  (x)  be  a  periodic  function  of  x,  period  2tt,  which  is  expansible  in  the  form 

Fc  (x)  =  c0  +  cx  cos  x  +  c2  cos  2x  +  . . .  +  cn  cos  nx  +  ...  (i) . 

The  problem  under  consideration  is  the  rapid  numerical  calculation  of  the  coefficients  ct . 
It  is  supposed  that  Fc  (x)  contains  numerical  constants  only,  and  that  after  some  term  cn  cos  nx 
the  remainder  of  the  series  may  be  neglected. 

Under  the  latter  condition  (1)  may  be  regarded  as  an  identity  satisfied  for  all  values  of  x. 
If  then  we  choose  n  +  1  numerical  values  of  x  and  calculate  the  corresponding  values  of 
Fc  (x)  and  of  the  cosines  of  the  multiples  of  x,  we  obtain  n  +  1  relations  which  may  be  re- 
garded as  n  +  1  linear  equations  giving  the  n  +  1  unknowns  c0,  cly  c2,  ...  cn. 

The  effectiveness  of  the  method  depends  on  the  ease  with  which  the  special  values  of 
Fc  (x)  can  be  computed  and  on  that  with  which  the  linear  equations  may  be  solved.  It  is 
found  that  the  questions  principally  to  be  considered  are  the  choice  of  the  special  values  of 
x  and  the  best  arrangement  of  the  work  for  finding  the  c* . 

Similar  remarks  apply  to  the  development  of  an  odd  function  of  x  in  the  form 

Fs  (x)  =  Si  sin  x  +  s2  sin  2X  +  ...  +  sn  sin  nx  +  ...  (2), 

except  that  n  values  of  x  only  are  needed  since  there  is  no  constant  term. 

If  F  (x)  contains  both  even  and  odd  functions  of  x  and  if  we  stop  at  the  nth.  harmonic, 
211  +  1  special  values  of  x  are  needed. 

In  cases  where  the  calculation  of  special  values  of  Fc  (x)  and  of  Fs  (x)  are  needed  and 
where  much  of  the  work  is  the  same  in  each  case,  the  same  special  values  of  x  should  be  used. 

2.2.  Choices  of  the  special  values  of  x.  If  F  (x)  contains  both  even  and  odd  functions  of  x,  they 
can  be  separated  by  choosing  the  values  of  x  in  pairs,  a,  2tt  —  a.   Since 

cos  icf.  =  cos  i  (277  —  a),     sin  ia.  =  —  sin  i  (2tt  —  a), 

we  have  F  (a)  +  F  (277  —  a)  =  cosine  series,     F  (a)  —  F  (277  —  a)  =  sine  series. 

In  future  it  will  be  supposed  that  this  separation  has  been  effected  so  that  the  forms  (1),  (2) 
can  be  considered  separately. 

Next,  since  Fc  (a)  +  Fc  {tt  —  a),      F$  (a)  —  Fs  (77  —  a) 

contain  even  multiples  of  a  only,  while 

Fe  (a)  -  Fc  (tt  -  a),      Fs  (a)  +  Fs  (tt  -  a) 

contain  odd  multiples  only,  the  choice  of  pairs  of  values  a,  tt  —  a  enables  us  to  separate  the 
equations  giving  the  ct  or  the  s(  into  two  sets,  one  containing  the  coefficients  with  odd  suf- 
fixes and  the  other  those  with  even  suffixes. 

Finally,  choices  of  a  which  are  multiples  of  tt/m,  where  n  is  an  integer,  have  obvious  advan- 
tages. The  special  cases  n  =  3,  4  or  6  will  suffice  for  most  of  the  requirements  in  the  plans  for 
developing  the  disturbing  function  and  the  disturbing  forces  outlined  here.  For  the  rare  cases 
in  which  eight  harmonics  are  needed,  it  is  advisable  to  add  the  values  x  =  45 °,  135 °  to  those 
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given  by  n  =  6,  since  the  work  done  with  six  harmonics  only  can  be  fully  utilized  and  repeti- 
tion of  it  is  not  needed.  Schedules  for  this  last  case  are  to  be  found  in  Trans.  Yale  Obs.  vol.  vi, 
part  iv,  pp.  61-65. 

2.3.  Determination  of  the  nth  harmonic  in  Fs.  Since  Fs  vanishes  for  x  =  o,  -n,  these  values  are 
useless  for  the  computation  of  the  st .  Moreover,  since  sin  nx  vanishes  when  x  is  any  multiple 
of  Trjn,  it  is  the  coefficient  of  the  nth  harmonic  which  is  undetermined  with  this  set  of  values 
of  x.  It  is  sometimes  possible  to  estimate  its  coefficient  with  sufficient  accuracy;  where  this 
is  not  the  case,  one  of  the  following  devices  may  be  adopted. 

For  n  =  3,  the  chosen  values  of  x  are  o°,  6o°,  1200,  1800.  The  value  x  =  900  may  be  added 
to  find  s3 .  If  this  value  be  used  also  in  Fc ,  we  can  find  c4  and  then  get  higher  accuracy  for 
c2  (see  §4). 

For  n  =  4,  6  we  may  proceed  as  follows:  In  most  cases  the  calculation  of  dFs\dx  for 
x  =  o,  77-  will  be  found  to  be  easy.  These  give  the  values  of  s1  ±  2s2  +  3S3  ±  4S4  +  ...  which, 
combined  with  the  relations  furnished  by  the  other  values  of  x  inserted  in  Fs ,  will  give  the 
value  of  sn .  Only  one  of  the  two  values  is  necessary,  but  the  solution  of  the  equations  is 
simplified  by  using  both:  they  give  also  the  (n  +  i)th  harmonic  and  higher  accuracy  to  the 
(n  —  i)th  harmonic. 

2.4.  Errors  of  the  coefficients.  When  multiples  of  n/n  are  used  for  the  special  values  of  x,  the 
solution  of  the  linear  equations  for  the  cosine  series  gives,  instead  of  ct,  i  <  n,  the  value  of 

W      1      C2n_  i    ~~    C"Ln+i      \      ^in-i    ~T~    •••> 

if  we  include  all  the  terms  of  the  series.  Thus  the  principal  part  of  the  error  of  ct  is  the  rejected 
coefficient  c2„_; .  When  i  =  n,  we  actually  determine  the  value  of 

so  that  the  error  of  cn  is  c3n  .  Hence  the  lower  the  harmonic  the  higher  the  accuracy  with  which 
it  is  found,  with  the  exception  of  the  nth  which  has  an  error  equal  to  the  coefficient  of  the 
3^th  harmonic  approximately. 

In  the  case  of  Fs  we  determine  the  value  of 

"i   "   ^2n—  i   ~~T~  S2n+i  S^n—i   -\~    •••, 

instead  of  s{  for  i  <  n,  so  that  the  principal  part  of  the  error  of  st  is  —  s2n_  t  and  the  same  rule 
with  respect  to  the  errors  of  the  coefficients  of  the  lower  harmonics  holds. 

When  the  harmonic  with  coefficient  sn  (which  vanishes  when  x  is  a  multiple  of  -n\ri)  is 
found  for  n  odd  by  using  the  additional  value  x  =  900,  it  is  easily  seen  that  we  actually  deter- 
mine sn  —  2sn  +  2  +  ...;  for  without  its  use  we  find  s„_2  —  sn+2  and  with  its  use  we  find 
sn_2  —  sn  +  sn+2  —  ...,  so  that  the  principal  part  of  the  error  of  sn  is  —  2sn+2.  If  x  =  900  be 
also  used  in  finding  Fc ,  we  determine  c„_1  with  an  error  cn+3  and  cn  +  1  with  an  error  —  cn  +  3> 
the  errors  of  the  other  coefficients  being  unaffected. 

When  n  is  even,  the  use  of  the  additional  values  dFjdx  with  x  =  o,  1800  gives  us 

S«-i  ~r  Sn  +  3  -\-  ...,      Sn  -\-  2Sn  +  2  -\-  ...,      Sn  +  i  +  S„  +  3  -+-  ..., 

so  that  the  principal  part  of  the  error  of  sn_r  is  sn  +  3  and  that  of  sn  is  2sn+2 ,  the  remaining  earlier 
harmonics  being  unaffected.  Thus  in  the  case  of  Fs  the  nth  harmonic  has  the  greatest  error; 
exactly  opposite  to  the  case  of  Fc ,  where  it  had  the  smallest  error. 
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2.5.  The  schedules  made  out  below  are  given  in  detail  so  that  they  may  be  used  without 
preparation  for  harmonic  analysis  either  for  a  single  function  or  for  many  functions.  In  the 
latter  case,  the  work  should  be  carried  out  in  parallel  columns,  any  one  step  being  the  per- 
formance of  the  same  operation  in  all  the  columns;  since  most  of  the  operations  are  simple 
additions  and  subtractions,  much  time  can  be  saved  by  this  reduction  to  routine  computation. 

In  the  cases  where  the  coefficients  are  known  to  diminish  with  some  degree  of  regularity 
along  values  of  i  the  results  themselves  furnish  a  test  of  the  accuracy  of  the  work ;  in  any  case, 
one  or  two  of  the  special  values  may  be  reproduced  from  the  final  results  with  but  little  labour. 

2.6.  Notation  for  the  schedules.  The  function  to  be  analysed  is  denoted  by  F  and  the  argument 
by  x.   For  an  even  function,  we  put 

F  =  c0  +  cx  cos  x  +  c2  cos  2X  + 

and  for  an  odd  function 

F  =  sx  sin  x  +  s2  sin  2X  +  .... 

For  the  special  values  of  x 

o°,  1800;     900;     450,  1350;     300,  1500;     6o°,  1200 
the  corresponding  values  of  F  will  be  denoted  by 

F0,F0';     F9;     F4,  F4';     FS,F3';     F6,F6'; 
and,  in  the  case  of  an  odd  function, 

(dF/dx)x=0  =  Fd,     -  (dF/dx)x=n  =  Fd'. 
The  letters  A,  B,  C,  ...  used  in  the  schedules  are  defined  therein. 

The  first  columns  give  the  symbols;  the  second  their  numerical  values  in  the  examples; 
the  third,  omitted  from  the  computing  forms,  are  explanatory.  The  error  of  any  coefficient 
is  shown  in  the  final  values.  Thus  c3  (+  c9)  indicates  that  if  c9  were  known  it  would  be  sub- 
tracted in  order  to  find  c3 . 

Since  the  same  function  has  been  used  in  all  the  examples  for  the  cosine  analysis,  and  its 
derivative  in  the  sine  analysis,  direct  comparison  of  the  errors  of  the  various  results  is  possible. 
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2.7.    Schedule  for  3  harmonics. 

Cosine  series   F  =  (1  —  -6  cos'#)  .         Sine  series  F'  =  -3  sin  x  (1  —  -6  cos  #)"*. 


Values  at  =  o°,  1800,  6o°,  1200 


F° 

F  ' 

A* 

B 

C 

D 

2C0 

A' 
B' 
3q  =  A''  +  B~' 


=  F0 

+  F0' 

=  Fe 

+  F6' 

=  A  - 

-  B 

=  \c 

=  c, 

=  B  +  D 

=  £0 

—  F  ' 
£.0. 

F6  -  F/ 


63246 
26491 

83666 

1-14018 

1-89737       2C0  +   2C2 
1-97684       2C0  -  C2 

O7947 

02649 

95035 


2C3  =  cx  —  B'  — 


+  c6 
+  0. 


(+ 


63245  It 

30353  H 

93598 

31199 

00846 

.97518 

3 1 199 
02649 
00423 


1  +  2C3 
-  2C, 


Addition  for  additional  value  #=90c 


Fa 


\A  -  F9  =  ic2 
D  -  c2  =  c4 
c0(+  c6) 
M  +  c6) 
c4(-  ce) 


*  =  6o°,  1200,  90° 


•94869 

£« 

•31053 

I-OOOOO 

£> 

•22787 

•05I31 

^9 

•3OOOO 

•02566 

Si  a/3  =  ^6  +  ^Y 

•53840 

•00083 

si 

•3I085 

S3  —  Sj         -T9 

•OI085 

•97518 

*2  V3  =  F6-  F6' 

•08266 

•31199 

% 

•O4772 

•02566 

•00423 

h  ( -  s6) 

•3I085 

•00083 

52(-  54) 

•O4772 

53  (  -   2S6) 

•OI085 

2.8.    Schedule  for  4  harmonics. 

Cosine  series   F  =  (1  —  -6  cos  #)*.     %  =  o°,  1800,  900,  450,  1350. 


% 

A 
B 
ic~ 
C 
D 

4C4 


=  F0  +  iV 
=  44 

=  B  -  F9 

=  B  +  F9 

=  £4  +  iY 

=  C  +  D 
=  C  -  D 


•63246 
1-26491 

•75»77 
I-I9343 

I-OOOOO 

1-89737 

•94869 

■°5I3I 
1-94869 
1-95220 
3-90089 

•00351 


ic0  +  ic2  +  ic. 


ic0  +  ict 

2Cf»         2Cd 


A'  =F4-F4' 
B'  =  V2^' 
C  =  &  -  F0' 
ac,  =  C  -  B' 
4Cl  =  C  +  B' 

c0(+  cg) 
Cl(+  c7) 
c2(+  c6) 
c3(+  c6) 
c4  ( +  c12) 


•43466 

•61470 

•63245 

•01775 

1-24715 

•97522 
•31179 

•02566 
•00444 

•00088 


V2  (CX  - 
IC,   +  2C3 


%) 


Schedule  for  4  or  5  harmonics. 

Sine  series.   F  =  -3  sin  x  (1  --  -6  cos  #)-i.   %  =  o°,  1800,  900,  45°,  1350. 


Fd 

•47434 

A'  =  Fd  - 

F* 

•23717 

Fd' 

•23717 

B'  =  \A' 

•H859 

F9 

•30000 

2S2  =  F4  - 

Ft 

•IOI82 

&, 

•27957 

4s4  =  B'  - 

2S2 

•OI677 

Ft' 

■17775 

A    =  Ft  +  Ft' 

•45732 

V2  (Sj  +  S3  -  S5) 

*i(-  57) 

•3II69 

B    =  A  -f-  V2 

•32337 

Sl  +  S3  ~  S5 

S2(-  5g) 

•O509I 

2s,  =  B  +  B9 

•62337 

s3  (4-  s7) 

•OI28l 

£  =  £  -  F*  , 

•02337 

2S3  -  2SB 

S4(-  2S6) 

■OO4I9 

D    =  Bd  +  B/ 

•71151 

2SX  +  6s3  +  IOS5 

S6(+  57) 

•OOI 12 

2^9 

•60000 

B    =  B  -  2B9 

•11151 

8s3  +  8s5 

G    =\E 

•02788 

2S3  +  2S5 

453  =  G  +  C 

•05125 

4S5  =  G  -  C 

•00451 

4SS 

2S, 


+  8s4 
+  4^4 
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2.9.    Schedule  for  6  harmonics. 

Cosine  series.   F  =  (1  —  -6  cos  xy.   x  =  0°,  1800,  900,  300,  1500,  6o°,  120' 


£», 

•63246 

£0 

1-26491 

F9 

I-OOOOO 

£*, 

•6931 1 

F* 

1-23272 

F*, 

•83666 

F,' 

1-14018 

A     =F0  +  F0' 

1-89737 

2C0  +  2C2  +  2C4  +  2C6 

B    =aF9 

2-00000 

2C0  -  2C2  +  2C4  -  2C6 

C    =  F3  +  F3' 

I-92583 

2Cq  +  C2         C4         2C6 

D    =F6  +  F6' 

1-97684 

2Cq         C2      •  C4  +  2C6 

E    =  A  +  B 

3-89737 

4co  +  4C4 

F    =  C  +  D 

3-90267 

4co  -  2C4 

6c4  =  E  -  F 

-      -00530 

2C4 

—      -OOI77 

4c0  =  F  +  2c4 

3-90090 

G    =  A  -  B 

—      -10263 

4C2  +  4C6 

H   =  C  -  D 

-      -05101 

2C2  —  4C6 

6c2  =  G  +  H 

-      -15364 

2C2 

-      -05I2I 

4C6  =  2C2-  H 

—      -00020 

i4' 
B' 
c 

£>' 

E' 
6c1 
6c5 
G' 

2C, 


=  ^0  -  F' 


F«-F'    - 


F3 
¥B' 


-F, 
=  A' 
=  V3C 
=  D'  +  E' 
=  D'  -  E' 
=  iD' 
=  G'  -  B' 


c0  (+  %) 

c2(+  c10) 
c3(+  c9) 
M  +  c8) 
c5(+ 

c6(  + 


Cis) 


63245       2Cj  +  2C3  +  2CS 
30352       Cx  -  2C3  +  C5 

5396i  V3  (ci  -  c5) 
93597  3^i  +  3C5 

93463  3ci  -  3^5 

87060 

00134 

31 199  cx  +  c5 

00847 

97523 
31177 

02561 
00423 
00089 
00022 
00005 


Schedule  for  6  or  7  harmonics. 

Sine  series.   F  =  -3  sin  x  (1  —  -6  cos  %)_i.   % 


o°,  1800,  900,  300,  1500,  6o°,  1200. 


&, 

■47434 

A'     =F3-F' 

•O9474 

V3  {h  +  s4 

£* 

■23717 

B'      =FS-F/ 

•08266 

V3  (s2  -  si) 

^9 

•30000 

C      =  2A>  -  V3 

•IO94O 

2S2  +  2S4 

^3 

•21642 

Z>'      =  25'  -  V3 

•09545 

ji  0  .>          ■     -   1,] 

F3 

•12168 

4s4     =  C'  -  D' 

•OI395 

£«, 

•31053 

4s2     =  C  +  D' 

•20485 

F6' 

•22787 

E',     =Fd-Fd' 

•23717 

4S2  +  854    +    I2S 

G'     =  E'  -  4s2 

■O3232 

854  +   I2S6 

F3-+F3' 

33810 

si  +  %  -  s7 

8s4 

•O279O 

3S3    =  F3  +  F3'  -  F9 

03810 

I2S6  =  G   —  8s4 

•OO442 

53 

01270 

A       =  F   +  iY 

53840 

V3  (%  -  55  +  s7) 

«i(-  sn) 

•3II78 

S      =  ^  -  V3 

31085 

$1  —  ■%  +  S7 

S2  (  —   S10 ) 

•05I2I 

C      =  s3  +  F9 

31270 

Sl   +   S5   —   S7 

s3(-  s9) 

•OI27O 

2Sj.     =  fi  +  C 

62355 

st(-  sB) 

•OO349 

Z>     =  C  -  B 

00185 

2S6  -  2S7 

M+   59) 

•OOIO3 

£  =£i  +  *y 

71151 

2SX  +  653  +    IOS5  +    14s, 

S6(+  2S8) 

•OOO37 

G      =  E  —  2s, 

08796 

6s3  +  ios5  +  14s, 

s7(+  s9) 

•00010 

H     =  -  6s3 

07620 

-  653 

if     =  -  5D 

00925 

—  IOS5  —  ios7 

24S7  =  G  +  H  +  K 

00251 

2S7 

00021 

2S5      =  D   +  2S7 

00206 

10-2 
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§3.   DOUBLE    HARMONIC   ANALYSIS 

3.1.  When  a  function  of  two  angles  x,  y  can  be  expressed  in  the  form 

F  (x,  y)  =  £  {Ajr  cosjx  cos  j'y  +  Bur  sinjx  sin  j'y  +  Cjr  cosjx  sin  j'y  +  Diti.  sinjx  cos  j'y), 

where  j,j'  =  o,  1,  2,  . ..,  the  numerical  calculation  of  the  coefficients  can  be  reduced  to  a 
double  application  of  single  harmonic  analyses. 

First,  the  choice  of  pairs  of  values  a,  2n  —  a  for  x  separates  the  terms  containing  cosines 
of  multiples  of  x  from  those  containing  the  sines  by  addition  and  subtraction.  A  similar 
choice  for  y  makes  a  similar  separation  in  each  case.  Thus  the  analysis  is  reduced  to  that  of 
each  of  the  four  groups,  and  values  for  x,  y  equal  to  or  less  than  1800  are  to  be  used. 

Consider  the  first  group  given  by 

4Axy=  F  (x,  y)  +  F  {2*  —  x,y)  +  F  (x,  2-n  -  y)  +  F  (2-n-  -  x,  2-n  -  y)  =  $*Aur  cosjx  cos  j'y. 

The  special  values  of  Ax>  y  for  special  values  of  x,  y  are  arranged  in  a  block,  each  line  containing 
those  corresponding  to  a  special  value  of  x,  and  each  column  those  corresponding  to  a  special 
value  of  y. 

The  special  values  in  each  column  are  analysed  by  one  of  the  schedules  for  cosine  analysis, 
and  give  series  2^  AUy  cosjx  in  each  of  which  y  has  a  special  value. 

The  results  are  rearranged  in  a  block  in  which  all  the  numbers  AUy  corresponding  to  a 
given  j  are  placed  in  a  column,  the  successive  columns  thus  containing  the  special  values  of 
the  coefficients  of  cos  ox,  cos  x,  cos  2x,  ...  for  the  special  values  of  y. 

The  special  values  in  each  column  are  then  analysed  by  one  of  the  schedules  for  cosine 
analysis  and  give  the  coefficients  Aur. 

The  process  for  finding  the  Bjr  is  the  same  with  the  exception  that  the  cosine  analyses 
are  replaced  by  sine  analyses. 

For  Cuy,  the  first  block  of  analyses  is  that  for  cosines,  and  the  second  that  for  sines. 

For  Dj  y,  the  first  block  of  analyses  is  that  for  sines,  and  the  second  that  for  cosines. 

3.2.  The  choices  of  special  values  for  x,  y  are  made  on  the  same  plans  as  those  developed  for 
single  harmonic  analysis.  It  is  not  necessary  that  the  same  choices  of  values  be  adopted  for 
x  as  for  y. 

The  derivatives         (— )      ,     —  (•=—]      ,     1^— I      ,     —  (-=-] 


dx)x=0'       '  \dx)x=:     \dy)y^       '  \dyjy=ir 
are  to  be  used  in  the  sine  analyses  instead  of  the  zero  values  of  the  functions  F.  This  is  possible 
because  the  derivatives  of  the  cos/*  terms  in  F  disappear  from  dF/dx  when  x  =  o,  -n\  and 
similarly  those  of  the  cos  j'y  terms  from  dFjdy  when  y  =  o,  tt. 

3.3.  In  the  method  of  development  of  the  disturbing  function  and  disturbing  forces  in  terms 
of  g,  g'  outlined  in  §  1.3,  the  separation  into  the  four  sets  of  terms  is  made  at  the  outset:  in 
each  case  of  a  vanishing  function  for  g  =  o,  77  or  g'  =  o,  -n,  it  is  replaced  by  the  derivative  as 
shown  above. 

When  the  development  is  made  in  terms  of  the  angles/,/!  (Table  X),  the  special  values  of 
the  first  two  sets  are  found  together  and  must  be  separated  by  addition  and  subtraction; 
similarly  for  the  third  and  fourth  sets. 
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3.4.  Example  of  Double  Harmonic  Analysis.  In  this  example,  part  of  the  calculation  for 
rinding  the  development  outlined  in  §  1.3  is  shown  for  the  case  i  =  3.  It  may  be  noted  that 
the  calculations  for  finding  the  special  values  oi  r,  r' ',  Eq,  Eg' ',  p,  p,  P  are  utilised  for  all  values 
of  i.  The  grouping  and  addition  of  the  logarithms  of  the  factors  which  give  the  required 
special  values  can  be  efficiently  performed  by  the  sorting  and  adding  machines  of  the  Hol- 
lerith type,  when  the  whole  problem  of  the  general  perturbations  of  one  planet  by  another  is 
to  be  undertaken. 

The  numerical  values  of  the  constants  used  in  the  example  are 

a/a'  =  -700000,     e  =  -iooooo,     e'  =  -048400. 

The  special  values  of  g,  g'  adopted  are  o°,  1800,  900,  450,  1350.  With  the  aid  of  estimates  of 
the  remainders,  the  results  show  that  these  five  special  values  serve  to  give  the  coefficients 
with  errors  at  most  of  a  few  units  in  the  sixth  place  of  decimals. 

From  Tables  VIII,  we  find 


g 

log  r/a 

Ea 

0° 

180° 
90° 

< 
135° 

9-9542425 
•0413927 
•0042930 

9-9707429 
•0314948 

0 

0 

n°  23'     1-9 

8°  50'  57-8 

7°  25'  2o?5 

g' 

log  r'/a' 

E  ' 

0° 

180° 

90° 

135° 

9-9784544 
•0205270 
•0010146 

9-9854306 
•0150817 

O 
O 

5°  32'  15-3 
4      5'  35-6 
3°  45'  28?6 

(f'U  =-177696 


dEq' 


=•103016 

dg'  Jg'  =  0  ° 

-   (-T-7-  )  ='09I266 

V   dg'  Jg'  =  n 


The  next  step  is  the  calculation  of  the  special  values  of  log  p,  p,  log  P,  where 


a  r  a 
a'  a  y' 


P  = 


P 


a 


r'  (1  -  p*y 


-^ 


p*  H-  r/a, 


g  =  o° 

g'  =  o° 

g'  =  180° 

g'  =  90° 

g'  =  45° 

g'  =  135° 

\Ogp 

9-8208861 

97788135 

97983259 

9-8139099 

9-7842588 

logo2 

9-6417722 

9-5576270 

9-5966518 

9-6278198 

9-5685176 

P2 

•438301 

•361100 

•395050 

•424443 

•370269 

P 

•780313 

•565190 

•653029 

•737447o 

•587980 

log  A 

9-8922689 

97521945 

9-8149324 

9-8677308 

97693626 

log£* 

9-9461344 

9-8760972 

9-9074662 

9-9338654 

9-8846813 

logP 

9-9918919 

9-9218547 

9-9532237 

9-9796229 

9-9304388 

g  =  180° 

g'  =  o° 

g'  =  180° 

g'  =  90° 

g'  =  45° 

g'  =  135° 

lOgp 

9-9080363 

9-8659637 

9-8854761 

9-9010601 

9-8714090 

logp2 

9-8160726 

9-7319274 

9-7709522 

9-8021202 

9-7428180 

P2 

■654746 

•539420 

•590136 

•634045 

•553"8 

P 

1-896418 

1-171176 

I-439834 

1-732576 

1-237727 

log  A 

logp? 

•2779340 

•0686222 

•1583124 

•2386923 

•0926249 

•1389670 

•03431 1 1 

•0791562 

•1193461 

•0463124 

logP 

•0975743 

9-9929184 

•0377635 

•0779534 

•0049197 

with  three  more  similar  blocks  for  g  =  900,  450,  135' 
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For  the  case  i  =  3,  we  obtain  the  following  logarithms  from  the  results  previously  given. 
The  numbers  with  suffix  d  are  the  logarithms  of  the  derivatives  as  explained  in  §  2.6. 


8 

a  r\3 

— ,  -  )  cos  $E„ 

a'  a  J          J    « 

\a'a)   Sm3^ 

o° 

1800 

900 

< 
135° 

9-3980215 
9-6594721 
9-4659700 
9-399I3I6 
9-5961198 

9-2338002^ 
9-3862718,4 

9-2974332 
9-0977816 
9-2083311 

8' 

(pj  cos3jE9' 

(p)    sin3£'g 

o° 

180° 

900 

< 
135° 

•0646368 
9-9384190 
9-978439o 

•0336566 
9-9462928 

9-5546627^ 
9-3758492^ 

9-453I735 
9-3714412 
9-2458989 

With  the  25  special  values  of  p,  we  obtain  from  Table  I  the  following  values  of  log  G\ 


(3) 


1800 
9o° 

< 

135° 


1800 


90^ 


45^ 


135 


9-777266 
9756460 
9-768224 
9-774827 
9-760277 


9-781960 
9-769381 
9-776140 

9-780333 
9-771479 


9-780010 
9-764365 

9-772944 
9-778063 
9-767075 


9-778179 

9-7592I5 
9-769827 
9-775910 
9-762626 


9-781449 
9-768111 

9-7753I5 
9-779741 

9-770357 


Finally,  by  additions  of  the  logarithms  of  the  special  values  of  the  functions 


P,     G 


(3) 


a  r  \3  cos    „ 

-7  -       •     3E* 
a  a     sin 


cos 
sin 


3EQ', 


we  obtain  the  logarithms  of  the  four  sets  of  special  values  to  be  analysed. 

In  the  illustration  given  above,  the  derivatives  are  shown  with  the  suffix  d.  But  in  the 
actual  calculations  no  such  distinction  is  necessary.  Each  cosine  analysis  proceeds  with  the 
values  of  the  function  when  x  =  o,  tt-  or  3;  =  0,  -n  and  each  sine  analysis  with  the  corresponding 
derivatives :  the  symbol  will  not  be  used  below. 

3.5.  From  the  logarithms  the  numbers  are  found  and  entered  directly  on  the  sheets  for  the 
double  harmonic  analyses.  The  whole  of  the  work  for  the  latter  is  shown  in  the  two  following 
pages.  The  schedules  are  those  of  §  2.8.  Estimated  remainders  and  the  corrections  due  to 
them  as  given  in  the  schedules  are  indicated  by  italics.  (The  latter  are  used  to  save  space  in 
the  printing:  it  is  better  to  use  brackets  on  the  computing  sheets.) 

The  four  blocks  are  respectively  those  for  finding  the  four  groups  shown  at  the  beginning 
of  §  3.1  with  g  for  x  and  g'  for  y.  Errors  of  more  than  two  units  in  the  sixth  place  should  not 
be  present  except  perhaps  in  those  coefficients  which  contain  estimated  remainders  of  more 
than  seven  or  eight  units:  the  latter  will  be  reduced  to  three  units  when  the  results  are 
expressed  as  cosines  and  sines  of  multiples  of  g,  g',  on  account  of  the  divisor  4  which  accom- 
panies the  reduction. 

The  calculation  is  exhibited  in  units  of  the  sixth  decimal  place. 
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8 

S'  =  o° 

1800 

900 

45° 

135° 

g' 
o° 

cos  og 

cos  g 

COS  2g 

cos  35  cos4£ 

cos  55 

ft 

o° 

170536 

109712 

128737 

154699 

113817 

246425 

—  102015 

27935 

—  2000 

191 

-  24 

& 

1800 

378567 

229187 

275453 

339081 

239222 

1800 

153157 

-  58833 

16212 

-  904 

80 

—  10 

ft 

900 

218681 

137025 

162507 

I973I9 

142543 

900 

182190 

-  72135 

19794 

—  1224 

in 

-  11 

ft 

45o 

I755I2 

112115 

131938 

158988 

1 16397 

< 

221945 

-  90501 

24786 

—  1690 

159 

—  20 

ft 

z,  I3£ , 

316955 

194039 
338899 

232221 

284585 

202319 

135° 

159445 
399582 

—  61729 

16989 

-  973 

87 

-    9 

A    -- 

=  f 0  +  iV 

549103 

404190 

493780 

353039 

A 

-  160848 

44M7 

-  2904 

271 

-  34 

B    = 

-\A 

274551 

169450 

202095 

246890 

176520 

B 

199791 

—  80424 

22073 

-  1452 

136 

~  *l 

2C2  = 

-B  -  F9 

55870 

32425 

39588 

49571 

33977 

2C2 

1 7601 

-  8289 

2279 

-  228 

25 

-    6 

C    = 

-B  +  F9 

493232 

306475 

364602 

444209 

319063 

C 

381981 

-  152559 

41867 

—  2676 

247 

-  28 

D    = 

-ft+ft' 

492467 

306154 

364159 

ttfjll 

318716 

D 

381390 

-  152230 

41775 

-  2663 

246 

-  29 

4^o  = 

=  C  +  D 

985699 

612629 

728761 

637779 

4co 

763371 

-  304789 

83642 

-  5339 

493 

-  57 

tv 

=  C  -  D 

765 

321 

443 

636 

,   347 

4C4 

591 

329 

92 

-   13 

1 

1 

A'  = 

-F*1.,F* 

-  MM43 

—  81924 

-  115858 

—  100283 

-  125597 

-  85922 

A' 

62500 

—  28772 

7797 

-  717 

72 

—  11 

B'  - 

=  V*A' 

—  200031 

—  141822 

—  177621 

—  121512 

B' 

88388 

—  40690 

11027 

—  1014 

103 

-16 

C  -- 

=  F9  ~  F0' 

=  a  -B' 

—  208031 

-  1 19475 

—  146716 

-  184382 

-  125405 

-  3»93 

a 

93268 

-  43182 

11723 

—  1096 

in 

-  14 

4C3  = 

—   8000 

-   3617 

-  4894 

-  288538 

—   6761 

4C3 

4880 

-  2492 

696 

82 

8 

2 

4ci  = 

=  C  +  B' 

—  408062 

-  235333 

-  362003 

—  246917 

1 

4ci 

181656 

-  83872 

22750 

—  2110 

214 

-  30 

Coefficient  Ajt? 

in 
2  Ajj' cos  jg  cos  j'g' 


'  \  f 

i'\ 

0 

1 

2 

3 

4 

5 

6 

]    \ 

0 

+  190843 

-  76197 

+  20910  —  2 

-  1335  +  14 

123 

-  14 

+  2 

I 

+  454M 
+   8800  - 

—  20968 

+  5688  -  1 

-    528+  8 

54 

-  8 

+  I 

2 

3 

-  4J44+  1 

+  1140 

-     114+  3 

12 

-    3 

3 

+   1220  — 

18 

—      623  +  11 

+   174-4 

—      20 

2 

4 

+    148 

82 

+    23 

3 

5 

+    18 

-    11 

+    4 

6 

+            3 

—          1 

g 

g'  =  o° 

1800 

90° 

45° 

135° 

g' 

sing 

sin  -zg 

sin  ig 

sin4g 

sin  55 

Fa                  °° 

36109 

20581 

26315 

23070 

15545 

o° 

46686 

-  6500 

845 

-  32 

3 

Fa'             180° 

62369 

33452 

43§io 

39344 

25422 

1800 

25839 

-  3207 

39i 

-  6 

1 

F9                 90° 

45844 

25449 

32889 

29134 

19275 

900 

3343o 

-  4349 

542 

-  13 

1 

^4       45° 

27107 

15340 

19672 

17294 

1 1 595 

45°, 

29649 

-  4034 

5 16 

-  17 

2 

IV      135° 

40108 

21753 

28369 

25363 

16514 

135° 

19576 

—  2460 

301 

-  5 

1 

A    =  F4  4-  iV 

67215 

37093 

48041 

42657 

28109 

A 

49225 

-  6494 

817 

—  22 

3 

B    =  A   -h  V2 

47528 

26229 

33970 
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3 

C    =B-F9 

1684 
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1081 
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C 
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37 
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D    =Fd  +  Fd' 

54933 

70125 
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91688 
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65778 
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3« 
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B' 
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5i 
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g'  =  o° 

1800 

90° 

45° 

135° 

Fn 

o° 

527°4 

30039 

38409 

33672 

22689 

Fn' 

i8o° 

1 1 6995 
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F9 

go° 
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^4 

45: 

54242 
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39364 

34605 

23203 

V 
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A 

=  f o  +  F0' 

169699 
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120591 
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70376 

B 
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53738 

35i88 

2C2 
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10790 

6773 

C 

=  B  +  F9 

152433 

83912 

108780 
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63603 

D 
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83824 
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96548 

63534 

4^0 

=  C  + F> 

304629 

167736 

217427 

193234 

127137 

4C4 

=  C  -  D 

237 

88 

133 

138 

69 

A' 

=  F?-J* 

~   43ZXo 

-  22430 

-   29919 

-  27338 

—  17128 

B' 

=  V^A' 

-  61818 

-  31721 

-  42312 

-  38662 

-  24223 

C 

=  F0-  F0' 

-  64291 

-  32712 

-  43773 

-  4OI32 

-  24998 

AH 

=  C  -  B' 

-  2473 

-   991 

—  1461 

-  1470 

-   775 

4ci 

=  C  +  B' 

—  126109 

-  64433 

-  86085 

-  78794 

—  49221 

g' 

COS  og 

cosg 

COS  2g   COS3g  COS  Ag 

cos5g 

f" 

o° 

76157 

-  31527 

8633 

-  618 

59 

-  6 

hJ 

1800 

41934 

-  16108 

4439 

-  248 

22 

—  2 

t» 

900 

54357 
48309 

-  21521 

59o6 

-365 

33 

-  3 

|4/ 

45 u 

-  19699 

5395 

-368 

35 

-  3 

V 

135° 

31784 

-  12305 

3387 

-  194 

17 

—  2 

A    = 

^4 

4-iV 

80093 

-  32004 

8782 

-  562 

52 

-  5 

B    = 

A  -. 

-  V2 

56634 

—  22630 

6210 

-  397 

37 

-  4 

251  = 

B  4 

•^ 

110991 

-  44J51 

12116 

—  762 

70 

-  7 

c    = 

B  - 

-  F9 

2277 

—  1 109 

3°4 

-  32 

4 

—  1 

D    = 

Fd 

+  F/ 

118091 

-  47635 

13072 

-  866 

81 

-  8 

2^fl 

108714 

-  43042 

11812 

-  73° 

66 

-  6 

E    = 

D   - 

-  2F9 

9377 

-  4593 

1260 

-  136 

15 

-  2 

G    = 

& 

2344 

-  1 148 

315 

-  34 

t 

0 

4*3  = 

G  4 

C 

4621 

-  2257 

619 

-  66 

—  1 

4*s  = 

G  - 

C 

67 

39 

9 

—   2 

0 

+  1 

A'   = 

±4 

~Fd' 

34223 

-  I54I9 

4194 

-  37o 

37 

-  4 

B'   = 

U' 

17111 

-  77io 

2097 

-  185 

19 

—  2 

2S2  = 

Ft- 

-F\' 

16525 

-  7394 

2008 

-  174 

18 

—  1 

4*4  = 

B'  - 

-   2S2 

586 

-   316 

89 

—  11 

1 

—  1 

Coefficient  Cj,f 

in 

2  Cj,f  cos  jg  sin  j'g' 


hj 

0 

1 

2 

3 

4 

5 

J  \ 

I 

+  55496 

—  22076 

4-  6058 

-  381  4-  3 

+  35 

-3 

2 

4-  8262  4-  2 

-  3697  -  1 

4-  1004 

-     87 

+  9 

3 

+     "55 

-       564 

+  155 

-  16 

4-  2 

4 

4-   146  4-  4 

79-2 

4-   22 

-   3 

5 

+          17 

—    10 

4-    2 

6 

4-     2 

—    1 

g 

g'  =  o° 

1800 

900 

45° 

135° 

^       o°: 

116841 

75168 

88203 

105990 

7798i 

fj      i8°i 

201810 

122177 

146841 

180760 

127526 

£>          9°! 

148340 

92949 

1 10235 

133849 

96693 

£«,         45 

87710 

56028 

65935 

79453 

58168 

iY      !35° 

129779 

79451 

95085 

"6525 

82841 

A    =  F4  4-  F4' 

217489 

135479 

161020 

195978 

141009 

B      =  A    4-  y/2 

153788 

95798 

"3858 

138577 

99708 

2*i  =  B  +  F9 

302128 

188747 

224093 

272426 

1 9640 1 

£  =%-F°  , 

5448 

2849 

3623 

4728 

3015 

D    =Fd  +  Fd' 

318651 

197345 

235044 

286750 

205507 

2F9 

296680 

185898 

220470 

267698 

193386 

E    =  D  -  2F9 

21971 

1 1447 
2862 

14574 

19052 

12121 

G    =  iF 

5493 

3644 

4763 

3030 

as3  =  G  +  C 

1 094 1 

57" 

7267 

9491 

6045 

4*5  =  G  ~  C 

45 

13 

21 

35 

15 

A'  =  Fd-  Fd' 

—  84969 

-  47009 

-  58638 

-  74770 

-  49545 

B'  =  \A' 

-  42484 

-  23504 

-  29319 

-  37385 

-  24772 

2S2  =  F.  -  F4' 

—  42069 

-  23423 

-  29150 

-  37072 

-  24673 

4S4  =  B'  -  2s2 

-  4T5 

-  81 

—  169 

-  313 

-  99 

g' 

sin^ 

sin  2g 

sin3g 

sin  Ag 

sin  5^ 

F0       0° 

151064 

-  21034 

2735 

—   104 

11 

F„'      1800 

94373 

—  11711 

1428 

—  20 

3 

F*                90° 

112047 

-  14575 

1817 

-  4? 

5 

£,      45 

136213 

-  18536 

2373 

-  78 

9 

iY     135° 

98200 

-  12337 

15" 

-  25 

4 

A     =F0  +  F0' 

245437 

-  32746 

4l63 

-  124 

14 

B    =\A 

122719 

-  16373 

2081 

-  62 

7 

2C2  =  B  -  F9 

10672 

1798 
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—  20 

2 

C    =  B  +  F9 

234766 

-  30948 

3898 

—  104 

12 

D    =F44-F4' 

2344J3 

-  30873 

3884 

-  103 

13 

ac0  =  C  +  D 

469179 

-  61821 

7782 

—  207 

25 

4c4  =  C  -  D 

353 

75 

o14 

—   1 

—  1 

A'  =  F4-  F4' 

38013 

-  6199 
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-  53 

5 

B'    =y/2A' 

53759 

-  8767 

1219 

-  75 
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C   =  F0  -  iY 

56691 

-  9323 

J3°Z 

-  84 

8 

ac,  =  C'  -  B' 
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-   556 
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1 

4q  =  C'  +  B' 
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-  159 

15 
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§4.   DERIVATION    OF   TABLES  I-VII 
4.1.   The  coefficients  in  Table  I  are  obtained  from  the  formulae 

(I  -  2a  COS  5  +  a2)~s  =  \  ft°>  +    L    $f  COS  iS 

i  =  l 

=  (i  -  «•)-  (iC»)  £<0)  +  S  C«>  g«  oc*  cos  iS) 

=  (I  -  a2)-s  (1G<0)  +  S  G™  a*  COS  »S), 

s(s  +  1)  ...  (s  +  *  —  1) 


where 


C<°>  =  2,      C<*>  =  2 


»'! 


g 


(!) 


S       I 

I 

I     t  --  I 


■  ^+«(1+I)  (I-«)(?-I)      ^  J 


a' 


I  .  2 


(*'  +  1)  (i  +  2) 


a' 


4.2.   The  calculations  were  carried  out  in  the  following  series  of  steps. 

Calculation  of  gi10),  g^1}  was  made  from  the  series  for  the  values  p  =  —  -2,  —  *i,  o,  1 ...  2-5 ; 
the  negative  values  being  needed  for  differencing,  and  the  last  value  of  p  corresponding  to 
a  =  -845.  These  series,  originally  calculated  in  powers  of  p,  were  transformed  to  series  in 
powers  of  p  —  1,  p  —  2,  for  calculation  with  the  larger  values  of  p.* 


4.3.  The  later  values  referred  to  in  the  footnote  are  shown  below,  the  last  place  of  decimals 
used  in  the  calculation  being  omitted,  the  first  pair  giving  the  series  for  g?0',  gi9)  in  powers  of 
p  —  1  and  the  second  pair  those  in  powers  of  p  —  2. 
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+ 

9141  8 

(P 

— 

2030  2 

(P 

+ 

485 

(P 

— 

123 

(P 

+ 

33 

(P 

— 

9 

(P 

+ 

3 

(P 

1 

(P 
(P 

+  I 

•00000  0000 1 
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+ 
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— 
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!)• 

+ 
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— 
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+ 
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4- 
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2)8 
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P  = 
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+ 
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— 
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— 
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4.4.  The  values  of  g<10),  g<U)  for  s  =  § ,  -§,  -|  for  the  same  values  of  p  were  successively  obtained 
from  the  recurrence  formulae 

«S,  =  «•  +  <#b».  g»  =  jit^  (C,  +  aw). 


s  6s  6. 


r(i+D 


+    T 


*  + 


(i+D 


*  E.  W.  Brown,  Mow.  iVo/.  R.A.S.  vol.  lxxxviii  (1928),  p.  459;  vol.  xcn  (1932),  p.  224.  The  calculations  were  started 
with  a  lower  degree  of  accuracy  and  before  the  series  in  powers  of  p  —  2  had  been  obtained .  They  were  afterwards  cor- 
rected by  means  of  the  series  obtained  later  and  given  in  the  text. 
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There  is  loss  of  accuracy  in  the  number  of  places  of  decimals  for  p  >  -5,  but  not  in  the 
number  of  significant  figures,  so  that  the  logarithms  of  the  coefficients  are  all  accurate  to  the 
same  number  of  places  of  decimals. 

4.5.   The  values  of  g{sl)  for  i  =  9,  8,  ...  1,0  were  calculated  from  the  recurrence  formula 

xxtf-l)  z=  ad)  4-        P        Lw  _  ptt+l)  _|_  S  \S  ~~  J)  Mi+1)\ 

ss  is*  -r  p  +  T  ygs       gs      1-  i  ^  +  1}&s     J • 

There  is  no  loss  of  accuracy  in  the  use  of  this  formula  except  where  p,  s  are  large  and  i  is 
small  simultaneously,  and  the  loss  was  found  to  be  negligible  owing  to  the  fact  that  g(j}  >  g{*+l) 
for  s  >  1. 

The  results  were  tested  by  differencing  along  values  of  p.  A  final  test  was  obtained  for 
s  =  \  by  an  independent  calculation  of  g[0),  g{*}  to  nine  significant  figures  from  Legendre's 

Tables  of  elliptic  integrals  with  the  use  of  the  formulae 


4°>  =  (1  -  a*)*  4  Fi  t     ga>  =  (I  _  a.)t  4  {Fi  _  Ei) 


Since  these  values  had  been  reached  through  the  successive  calculation  of  the  g™  from 
i  =  11  to  i  =  o,  the  test  checked  the  whole  series.  For  the  higher  values  of  s,  the  test  was 
made  with  the  help  of  the  formulae 

gZ  =  gT  +  2PH?,    g»   =  ^l  +  f ,     Hf>  =  gf »  -  £>  +  sg'». 

4.6.  The  logarithms  of  the  C™  were  added  to  those  of  the  g™  to  obtain  those  of  the  G®. 

The  numerous  operations  caused  occasional  accumulation  of  errors  in  the  last  place  of 
decimals.  The  largest  of  these  were  eliminated  by  adjustment  after  the  results  had  been 
differenced  along  values  of  p ;  those  remaining  mainly  occur  at  the  two  ends  of  the  series 
where  high  accuracy  is  least  needed,  consequently  an  error  of  three  units  in  the  last  place  is 
probably  very  rare. 

4.7.  The  final  step  was  the  interpolation  from  values  of  p  at  intervals  of  'i  to  values  at 
intervals  of  -oi. 

The  interpolation  to  tenths  of  a  few  coefficients  had  been  completed  by  the  use  of  Comrie's 
Tables*  when  the  co-operation  of  the  Statistical  Bureau  of  Columbia  University  was  secured. 
After  some  experiments  with  different  methods  of  interpolation,  Mr  R.  M.  Mendenhall  of 
the  Bureau  communicated  with  Dr  L.  J.  Comrie  and  finally  decided  to  use  Comrie's  method 
of  end-figure  determination  which  had  been  adapted  by  Dr  Comrie  to  the  use  of  the  Hollerith 
tabulating  machinesf .  Since  then,  all  the  interpolations  have  been  performed  at  Columbia 
University  using  the  Hollerith  machines  of  the  Statistical  Bureau. 

The  adaptation  of  the  end-figure  method  to  the  use  of  the  Hollerith  machines  is  best 
explained  by  quoting  from  a  paper  by  Mr  Mendenhall  to  be  published  shortly : 

'The  work  of  taking  the  contribution  of  each  difference  from  the  table  is  replaced  by 
sorting  out  pre-punched  cards.   It  was  necessary  to  construct  somewhat  more  detailed  tables, 

*  British  Nautical  Almanac  for  the  year  1931 ;  pp.  828-859.  Also  issued  separately. 
f  Mon.  Not.  R.A.S.  vol.  lxxxviii,  p.  506. 
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and  punch  the  corresponding  sets  of  cards,  than  the  tables  given  by  Dr  Comrie....The  con- 
tributions to  the  end-figures  were  calculated  to  one  more  decimal  place,  and  the  tables  were 
extended  so  as  to  eliminate  such  features  of  Comrie's  tables  as  using  the  remainder  after 
division  by  4000  (second  differences)  or  5000  (third  differences)  and  adding  ±  5-00  for  a  =  -3,  -7 
if  the  third  difference  is  5000  +  a.  Separate  sets  of  pre-punched  cards  were  constructed  for 
positive  and  negative  differences.  The  sets  of  cards  were  constructed  complete  for  differences 
up  to  the  eighth  order. 

"None  of  the  changes  mentioned  above  constitutes  an  actual  difference  in  the  method  of 
interpolation;  they  are  adaptations  made  necessary  by  the  circumstance  that  the  work,  if 
satisfactorily  arranged  for  the  machine,  must  have  a  purely  routine  character.  For  further 
details  on  this  part  of  the  work  we  may  refer  to  Dr  Comrie's  description  already  quoted,  the 
method  here  applied  being  materially  the  one  devised  by  Dr  Comrie." 

An  important  feature  of  this  machine  computation  is  the  absence  of  undetected  errors. 
In  the  interpolation,  the  pivotal  values  are  reproduced  in  the  machine,  and  a  comparison  at 
once  indicates  whether  the  work  has  been  performed  correctly. 

The  following  example  will  show  the  details  of  the  interpolation.  Part  of  a  sheet  giving 
the  pivotal  values  was  as  follows : 

A"'  Alv 


p 

logG?> 

2 

A' 

A» 

—  '2 

1-5091668 

+  837461 

—  -I 

1-5929129 

784625 

-  52836 

•O 

I-67I3754 

-  47546 

737079 

-  90349 

+  -I 

17450833 

-  42803 

694276 

—  81400 

+  '2 

1-8145109 

-   38597 

+  5290 

-  547 
4743       -  1084 

-  537 
4206       —  1036 

-  499 

The  functional  values  for  p  =  —  -2,  —  -i  had  been  calculated  in  order  to  provide  the 
higher  differences  for  interpolation  between  p  =  -o,  -i. 

With  the  formulae : 

sj,  =  +  -iAj-  -0225  (A?  +  A?)  +  -oo6  Aj1  +  -00391875  (Ajv  +  A*)  ..., 

SU  =  +  -0050  (A?  +  A?)  --  -004  Af  -    -0006375  (A7  +  Alv)  ..., 

S?=  +-OOIAS1-      -000175  (A*  +  A\v)  ..•> 

the  leading  first,  second  and  third  differences  were  found  using  a  Monroe  or  a  Millionaire 

computing  machine.   Thus: 

p  =  -oo,     Si  =  +  75765,     S«  =  -  470,     S»i  =  +  5. 

The  end-figure  determination  with  the  Hollerith  machine  gave  machine  sheets  with  lines 
containing  ten  numbers : 

p  =  -o,     400     896     390     374     337     760     123     894     542     524. 

These  are  the  end-figures  with  two  extra  decimal  places  forp  =  -oo  to  -09.  On  this  machine 
sheet  the  two  superfluous  decimal  places  were  suppressed  and  the  end-figures  were  differenced : 

End-figure  4944381955 

First  difference  55°95386o8 

Second  difference  470       465       461       454       452       44s       442       436       432 

Third  difference  54727364 
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The  complete  second  differences  for  the  whole  table  of  250  functional  values  were  thus 
found  from  the  leading  second  difference  (470)  at  p  =  -oo  and  the  complete  set  of  third  differ- 
ences. These  249  second  differences  were  punched  on  cards  and  added  in  reversed  order  to 
the  leading  first  difference  (backwards)  at  p  =  2-50.  This  difference  was  computed  with  the 
formula  given  above.  It  was  necessary  to  run  these  in  reversed  order  because  the  second 
differences  were  negative  and  the  machine  did  not  subtract. 

This  machine  operation  produced  and  printed  all  the  250  first  differences,  giving  as  the 
250th  value  the  leading  first  difference  at  p  =  -oo,  providing  an  intermediary  check  on  the 
work. 

Cards  were  punched  with  these  first  differences  and  added  by  the  machine  to  the  functional 
value  for  p  =  -oo.  With  this  operation  the  tabulator  printed  the  complete  function  with  the 
first  differences  as  follows: 


p 

logG, 

00 

16713754 

01 

16789519 

75765 

02 

1 68648 1 4 

75295 

03 

16939644 

74830 

04 

17014013 
etc. 

74369 

As  every  tenth  value  should  agree  with  the  pivotal  values,  the  work  is  completely  checked. 
The  machine  sheets  are  ready  to  be  used  as  the  printer's  copy  after  the  decimal  point  is 
supplied. 

On  the  big  tabulator  at  the  Statistical  Bureau  it  is  possible  to  perform  the  whole  work  of 
producing  the  interpolated  functional  values  from  the  leading  first,  second,  etc.  differences 
at  p  —  -oo,  and  a  complete  set  of,  say,  third  or  fourth  differences,  in  one  operation.  With 
negative  differences  complements  can  be  introduced  or,  as  in  the  printed  example  given 
above,  the  order  in  which  the  differences  are  added  can  be  reversed. 

The  "Summary  Card  Punch "  will  perform  only  one  step  in  one  operation  but  can  be  made 
to  punch  the  numbers  it  produces  on  cards  to  be  used  for  producing  the  differences  of  the  next 
lower  order.  With  this  new  machine  only  the  set  of  the  differences  of  the  highest  order  used 
must  be  punched  by  hand.  The  machine  can  be  made  to  do  all  the  remaining  work.  It  is 
obvious  that  reversing  the  order  in  which  the  differences  are  added  completely  solves  the 
difficulty  with  negative  differences. 

Seven  functions  (with  i  <  2)  out  of  the  48  functions  tabulated  had  such  large  higher 
differences  for  low  values  of  p  that  the  interpolation  formulae  were  not  sufficiently  convergent. 
With  these  functions  all  that  was  necessary  was  usually  to  subdivide  the  interval  to  halves 
by  supplying  the  functional  values  for  p  =  -05,  -15,  -25,  ...  etc.  by  recurrence  formulae,  and 
to  interpolate  to  fifths  afterwards.  In  no  case  was  it  necessary  to  extend  this  beyond^)  =  -8o. 
From  p  =  -8o  to  p  =  2-50  the  interpolation  formulae  were  sufficiently  convergent  in  all  cases. 

In  a  few  cases  for^>  <  -40  even  the  interval  -05  of  p  was  too  large  for  interpolation.  These 
functions  were  treated  individually  according  to  the  circumstances.  As  G{j}  gives  better  con- 
vergence for  low  values  of  p  than  log  Qp,  it  was  sometimes  possible  to  interpolate  G™  and 
to  take  the  logarithm  after  interpolation.  In  other  cases  where  special  treatment  was  neces- 
sary for  p  <  -20  only  it  was  found  preferable  to  reduce  the  interval  to  -02,  interpolating  finally 
to  halves  only. 
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4.8.  The  method  used  for  the  derivation  of  the  series  in  Table  V  is  described  in  Mon.  Not. 
R.A.S.  vol.  xcn  (1932),  pp.  224-227. 

4.9.  Table  VI  was  computed  from  the  formulae 

(!  +  a2  _  2a  cos  5)"i  =  (1  -  a2)"1  (\Kf  +   S  Kf  cos  iS), 


,2 


4  771V  '  i  7TVi  x/         a  *         2t  —  I  \  a/      *  22  —  I      * 

where  i7!,  E^  are  respectively  the  complete  elliptic  integrals  of  the  first  and  second  kinds. 
Legendre's  Tables  were  used  to  find  the  first  two  coefficients,  the  remaining  coefficients  being 
calculated  by  the  recurrence  formula.  The  computations  were  directly  made  for  intervals  of 
a  of  -008  and  afterwards  interpolated  to  intervals  of  *ooi. 

4.10.   Table  VII  was  similarly  computed  with 

(1  +  a«  -  2a  COS  5)_i  =  (I  -  a*)"*  {\K.f  +  S    Kf  COS  iS), 

t  i=l       t 

K<«>=  _  4F  (I  _  al)  +  8£      Ka>  _  _  4  F  l^J?  +  4  E  l±J* 

2  77  77  2  77  a  77  <X 

Kf  =  ?t^-2  f«  +  ^  *ri)  -  ^  Kt2\ 
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